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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventor(s) : Huebner et al. 

Serial No. To Be Assigned 

Filed : Herewitli 

For ELECTROMECHANICAL CONNECTION BETWEEN 

ELECTRONIC CIRCUIT SYSTEMS AND SUBSTRATES, 
AND METHOD FOR PRODUCING THIS CONNECTION 

Examiner To Be Assigned 

Group Art Unit To Be Assigned 

Assistant Commissioner for Patents 
Washington, DC 20231 

PRELIMINARY AMENDMENT 

Sir: 

Kindly amend the above-identified application before examination as 

follows: 

IN THE SPECIFICATION : 

Please substitute the originally-filed specification with the Substitute 
Specification which is enclosed herewith. A comparison document showing the 
differences between the translation of the originally-filed specification and the enclosed 
Substitute Specification is also enclosed herewith. 
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IN THE CLAIMS: 



Please cancel original claims 1-34 In the underiying PCT application, without 

prejudice. 



Please add new claims 35-70, as follows: 



35. An electromechanical connection between electronic circuit systems and 
substrates, comprising the electronic circuit system and substrate mechanically 
connected to one another, and electrical connection elements which face one another 
on the electronic circuit system connected in an electrically conductive manner by 
p means of microcapsules formed from grains which are coated with a dielectric and 
p. which are at least partially electrically conductive, wherein the dielectric of the 

& microcapsules is broken open at least on areas which face the electrical connection 

w 

[V elements to provide exposed areas of the grains, and an electrically conductive soldered 

is . 

g joint is fonmed between the exposed areas of the grains and the electrically conductive 
connection elements. 



ll 36. The electromechanical connection according to claim 35, wherein the 

mechanical connection between the electronic circuit system and substrate is made by 
means of an adhesive. 



37. The electromechanical connection according to claim 36, wherein the 
adhesive is formed from a polymer. 

38. The electromechanical connection according to claim 36, wherein the 
microcapsules are embedded in the adhesive. 
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39. The electromechanical connection according to claim 35, wherein the 
mechanical connection t>etween electronic circuit system and substrate is formed by a 
soldered joint between connection elements which are inactive in the intended electronic 
functioning of electronic circuit system. 

40. The electromechanical connection according to claim 35, wherein ttie grains 
are electrically conductive metal grains selected from the group of metals consisting of 
copper, nickel, silver, and gold. 

41. The electromechanical connection according to claim 35, wherein the grains 
are electrically conductive metal grains of a solderable metal alloy. 



42. The electromechanical connection according to claim 35, wherein the grains 
are metallized insulating grains. 



43. The electromechanical connection according to claim 42, wherein the grains 



jW dielectric is an insulating enamel. 

45. The electromechanical connection according to claim 44, wherein the 
insulating enamel is a soldering flux. 

46. The electromechanical connection according to claim 35, wherein the 
electrically conductive soldered joint between the connection elements is formed by 
layers of solder which are provided on the connection elements to fomi intermetallic 
phases comprising material of the electrically conductive grains of the microcapsules 
and the layers of solder. 




are silver-plated tin oxide grains. 



44. The electromechanical 



connection according to claim 35, wherein the 
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47. The electromechanical connection according to claim 46, wherein a metal 
selected from the group consisting of tin, indium and gallium is used as the material for 
the layers of solders. 

48. The electromechanical connection according to claim 46, wherein a metal 
alloy having a low melting point Is used as the material for the layers of solder. 

49. The electromechanical connection according to claim 47, wherein the layers 
of solder comprise layers of tin which have been deposited selectively without the use of 
an electric cun-ent. 

50. The electromechanical connection according to claim 35, wherein the 
0 electrical connection elements comprise a metallic material which is matched to the 
^ metallic material of the conductive grains. 

p 51. The electromechanical connection according to claim 50, wherein the 

m ■ 

g connection elements comprise a metal selected from the group consisting of copper and 
p nickel. 

w 52. The electromechanical connection according to claim 35, wherein the 

microcapsules are provided in a single layer, said microcapsules being of a unlfonn size 
and embedded in a polymer film. 

53. The electromechanical connection according to claim 35, wherein the grains 
are electrically conductive metal grains covered with an insulating enamel, which grains 
at least in part consist of a solder metal. 

54. The electromechanical connection according to claim 53, wherein the 
electrically conductive grain of the microcapsules consist entirely of solder metal. 



NY02:362044.1 



4 



A34864-PCT-USA (071308.0284) 

PATENT 

55. The electromechanical connection according to claim 53, wherein the solder 
metal is selected from the group consisting of tin, indium, and gallium. 

56. The electromechanical connection according to claim 53, wherein the solder 
metal is a soft-solder alloy. 

57. The electromechanical connection according to claim 53, wherein a 
solderable metal is used for the connection elements of electronic circuit system. 

58. The electromechanical connection according to claim 57, wherein the 
solderable metal is selected from the group consisting of copper, nickel, silver, and gold. 

59. The electromechanical connection according to claim 53, wherein the 
electrically conductive grains of the microcapsules are formed from an electrically 
conductive metal core which is covered with a solder material. 

60. The electromechanical connection according to claim 59, wherein the 
electrically conductive metal core Is comprised of copper. 

61. The electromechanical connection according to claim 59, wherein the 
covering of the core is comprised of tin. 

62. The electromechanical connection according to claim 35, wherein the 
electrically conductive grains of the microcapsules have a diameter of about 10 pm. 

63. The electromechanical connection according to claim 61, wherein the tin 
covering of the core has a thickness of about 200 nm. 

64. The electromechanical connection according to claim 46, wherein the layers 
of solder which are applied to the connection elements have a thickness of about 10 [im. 

65. A method for producing the electromechanical connection according to claim 
35, comprising compressing the microcapsules under a force such that the dielectric 
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coating on the grains is broken open, and producing the soldered joint by diffusion 
soldering. 

66. The method according to claim 65, further comprising applying layers of 
solder metal to connection elements in a thickness such that, during a diffusion- 
soldering process, the solder metal is completely converted into an intermetallic phase. 

67. The method according to claim 65, wherein the microcapsules have 
electrically conductive grains consisting entirely of solder metal, and connection 
elements which are free of solder metal, further comprising selecting a thickness of the 
connection elements so that sufficient material is available for a transfonnation process 
during the diffusion soldering. 

68. The method according to claim 65, wherein the microcapsules have 
electrically conductive grains comprising an electrically conductive metal core covered 
with a solder metal, and wherein the connection elements are free of solder metal on 
electronic circuit system and substrate, further comprising selecting the thickness of the 
connection elements and the solder metal in such a way that there is sufficient material, 
during the diffusion soldering for a transformation process. 

69. The electromechnical connection according to claim 62, wherein the diameter 
of the microcapsules is less than 10 |jm. 

70. The electromechanical connection according to claim 64, wherein the layers 
of solder have a thickness of less than 10 pm. 
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This Preliminary Amendment cancels, without prejudice, originally-filed 



claims 1-34 in underlying PCT Application No. PCT/D EGO/0201 2. New claims 35-70 
have been added merely to conform the claims to U.S. Patent and Trademark Office 
practice and standards, and do not add new matter to the application. Furthermore, the 
addition of these new claims in no way addresses any issues of patentability, and the 
new claims are provided to place the application in condition for allowance. 



The amendment to the abstract and the substitute specification are provided 



to correct grammatical and syntactical errors and othenA^ise to conform the specification 
and abstract of the above-identified application to the U.S. Patent and Trademark Office 
practice. No new matter has been introduced to the application. 

The amendments to the "Claims" is reflected in the attached "Version With 
Marked Changes Made." 

Favorable consideration on the merits is respectfully requested. 

Respectfully submitted, 



Dated: December 18, 2001 




Louis S Sorell 
Reg. No. 32,439 



BAKER BOTTS L.L.P. 

30 Rockefeller Plaza, 44th floor 
New York, New York 101 12-0228 
(212) 408-2500 
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Version With Marked Changes Made 



I(WE4 CLAIM : 

35, ir-An electromechanical connection between electronic circuit systems (10) and 
substrates-{20), in whi c h a n comprising the electronic circuit system (Ir^and a-substrate (20) are 
mechanically connected fixedly t o one another, and electrical connection elements (11, 21) w hich 
face one another on the electronic circuit syste m (10) and the substrate (20) are in each case 
connected in an electrically conductive manner by means of microcapsules (234, 23 2), and m 
which the microcapsules (23 1, 23 2) are formed b yfrom grain s (23 1) which are coated with a 
dielectric (23 2) and which are at least in part ar e p artially electrically conductive, characterized 
jfir-fea twherein the dielectric (23 2) of the microcapsules (23 - 1, 23 - 2) i s broken open at least on 
its — areas which face the electrical connection elements (Hr^to Si); — mi — a* — fee 
corresnondingl v provide exposed areas of the grains^ (23 B and an electrically conductive 
soldered joint (25 to 28) i s formed in each case b etween the exposed areas of the grains (2 3 -1) 
and the electrically conductive connection element s (11, 21), which in each case face these areas, 
of the electronic circuit system (10) and of the substrate (20), respectively . 

36. Sr-The electromechanical connection as claimed i n according to claim 1, characterized 
iab-fea t35, wherein the mechanically fixe dm echanical connection between the electronic circuit 
system fiO)-and substrate-(2^ is made by means of an adhesive-(34). 

37. 3^The electromechanical connection as claime d in claims 1 a n d 2 , characteri z e d in 
fea taccording to claim 36. wherein the adhesive (24) used is formed from a polymer. 

38. 4r-The electromechanical connection as claimed in one of claims 1 t o 3, cha r ac terized 
in-#ia taccording to claim 36. wherein the microcapsules (23 1, 23 2) are embedded in the 
adhesive-{34). 
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39. §T-The electromechanical connection as claimed i n according to claim 1, characterized 
ia-fea t35. wherein the mechanically fixed m echanical connection between electronic circuit 
system (W)-and substrate (2^is formed by a soldered joint between connection elements-fH:^ 
^ which are inactive in the intended electronic functiomng of electronic circuit syste m (10) and 
s ubstrate (20) . 

40. €r-The electromechanical connection as claimed in one of claims 1 to 5, characterized 
ie-fea taccording to claim 35. wherein the grains are electrically conductive metal grain s (23 1) 
which are selected from the group of metals consisting of copper, nickel, silver, and gol d and are 
covered with a dielectric (23 2) are used as microcapsules (23 1 , 23 2) . 

41. ?T-The electromechanical connection as claimed in one of claims 1 to 5 , characterized 
kAa taccording to claim 35> wherein the grains are electrically conductive metal grains (23 1) of 
a solderable metal allo y, which are covered with a dielectric (23 2), are used as microcapsules 
(23 1, 23 2) . 

42. Sr-The electromechanical connection as claimed in one of claims 1 to 5, characterized 
ffl-feataccording to clai m 35. wherein the grains are metallized^ insulating grain s (23 1) which arc 
covered with a dielectric (23 2) are used a s microcapsules (23 1, 23 - 2) . 

43. ^The electromechanical connection as claimed i n according to claim 8, characterized 
iB"tot42. wherein th e grains are silver-plated tin oxide grain s are used as m e talliz e d, insulating 
grains (23 1) . 

44.i0r-The electromechanical connection as claimed in one of claims 6 to 9, 
characterized in tha t according to claim 35. wherein the dielectric is an insulating enamel4s-^^©d 
as the di e lectric (23 2) of the microcapsules (23 1, 23 2) . 



NY02:362044.1 



A34864-PCT-USA (071308.0284) 

PATENT 

45. 44T-The electromechanical connection as claimed in claim 10, characterized in that a 
soldering flux is used a s accor^ng to claim 44, wherein the insulating ename l is a soldering flux . 

46. -l-Sr-The electromechanical connection as claimed in one of claims 1 to 11, 
characterized in iha t according to claim 35, wherein the electrically conductive soldered joint ^ 
te^S)-between ^g^connection element s (11, 21) of electronic circuit system (10) and substrate 
(2^ is formed by soldering of l ayers of solder (25, 27) w hich are provided on the connection 
elements (11, 21) to form intermetallic phases (26, 28) comprising material of the electrically 
conductive grains (23 - 1) of the microcapsules (23 1, 23 2) and the layers of solde r (25, 27) . 

47. 45t— The electromechanical connection as claimed in according to claim 4^ 
characterized in tha t 46. wherein a metal selected from the group consisting of ten^, indium and 
gallium is used as the material for the layers of solders (25, 27) . 

48. 447— The electromechanical connection as claimed i n according to claim 43^ 
characterized intha t 46, wherein a metal alloy wf Miaving a low melting point is used as the 
material for the layers of solde r (25, 27) . 

49. 44T-The electromechanical coimection as claimed in according to claim 13 or 14, 
charactorizod in tha t 47, wherein the layers of solder (25, 27) ar e comnrise layers of tin which have 
been deposited selectively aed-without ttsia gthe use of an electric current. 

50. 4^r~The electromechanical connection as claimed in one of claims 1 to IS ? 
characterized in tha t according to claim 35. wherein the electrical connection elements comprise a 
metalUc material which is matched to the metalUc material of the conductive grains (23 - 1) of th e 
microcapsules (23 1, 23 2) is used as material for ^m-eeBBemmh-ei^mi s (1 1, 21) of electronic 
circuit system (10) and substrate (20) . 
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5L-t?^The electromechanical connection as claimed in claim 16, characterized in 
fea taccording to claim 50. wherei n (23 - 1) of the microcansules (23 L 23 2) is used as material 
fef^^iconncction elements (11. 211 of electronic circuit system (10^ and substrate r2Q k omt)rise 
a metal selected from the group consisting of copper nicke l is used as material for the 
connection elements (11, 21) . 

52. iSr— The electromechanical connection as claim e d in on e of claims 1 to 17, 
characterized in tha t according to claim 35. wherein the microcapsules are provided in a single 
layer^ e fsaid microcapsules (23 - 1, 23 - 2) b eing ofj uniform size and embedded in a polymer film 
are provided . 

53. ift— The electromechanical connection as c laimed in one of claims 1 to 5, 
chamcterized in tha t according to claim 35. wherein the grains are electrically conductive metal 
grains (23 1) wh ich are covered with an insulating ename l (23 2) an d^ which grains at least in 
part consist of a solder meta l are used as microcapsules (23 1, 23 2) . 

54.20; — ^The electromechanical connection as claimed i na ccording to claim 4^ 
characterized in tha t5 3. wherein the electrically conductive grain (23 1) of the microcapsules (23- 
1, 23 2) consist entirely of solder metal. 

55. 3^The electromechanical connection as claimed i n according to claim 19 or 20, 
characterized in that a 53. wherein the solder metal Jg selected from the group consisting of tin, 
indium, and g alliim i is used for the electrically conductive grains (23 1\ 

56. 22r~The electromechanical connection as claimed in claim 19 or 20, charact e rized in 
tha taccording to claim 53. wherein the solder metal is a soft-solder allo y is used for the 
electrically conductive grains (23 1) . 
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57. SSr-The electromechanical coimection as claimed in one of claims 19 to 22, 
charact e rized in tha ta ccording to claim 53, wherein a solderable metal is used for the connection 
element s ( 11, 21) of electronic circuit syste m (10) and substrate (20) > 

58. 24. T he electromechanical coimection as claimed i n according to claim 33^ 
characterized in that a 57, wherein the solderable metal J| selected from the group consisting of 
copper, nickel, silver, ^d^gol d is used as th e sold e rabl e metal for the connection e lements (11, 
3D. 

59. 25 . The electromechanical connection as claimed i n according to claim 4^ 
ehamcterized in tha t 53. wherein the electrically conductive grains (23 1) of the microcapsules 
(23-1, 23 - 2) are formed from an electrically conductive metal core which is covered with a solder 
material. 

60. S^T-The electromechanical connection as claimed in claim 25, char act e riz e d in 
flm taccording to claim 59. wherein the electrically conductive metal core is comprised of copper 
is used as material for the electrically conductive metal core . 

61 . 37r-The electromechanical connection as claimed in claim 25 and/or 26, characterized 
in that tin is used as solder material fo r according to claim 59. wherein the covering of the core^ 
comprised of tin . 

62. 3r§T--The electromechanical connection as claimed in one of claims 1 to 27y 
characterized in tha ta ccording to claim 35. wherein the electrically conductive grains (23 1) of 
the microcapsules (23 1, 23 - 2) have a diameter of the order of magnitude of 10 p.m, preferably 
less than about 10 jxm. 
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63. 2 9, The electromechanical connection as claimed in according to claim 
characterized in tha t 61. wherein the tin covering of the core has a thickness of the order of 
magn i tude o fabout 200 nm. 

64. 3^7— The electromechanical connection as claimed in one of claims 1 to 18, 
characterized in tha t according to claim 46> wherein the layers of solder which are applied to the 
connection elements ( 11 , 21) have a thickness of the ord e r of magnitude o f about lO-^imj 
preferably less than 1 0 |iim. 

65. 34rr-A method for producing the electromechanical connection as claimed in one of 
claims 1 to 30, characterized in that afte r according to claim 35. comprising compressing the 
microcapsules (23 - 1, 23 - 2) embedded in an adhesive (24) or a polymer film have been 
introduced between electronic circuit system (10) and substrate (20), the microcapsules (23 1, 
23 - 2) between the connection elements (11, 21) of th e circ uit system (10) and of the substrate 
(20) are compressed under su^a force ^^that the dielectric (23 2) coating on electrically 
conductivo flie grains (23 1) situated between connection elements (11, 21) which face one 
another is broken open, and producing t he soldered joint (25 to 28) in each case between those 
areas of the grains (23 1) which face the connections (11, 21) and the connections (11, 21) is 
produced b y diffusion soldering. 

66. 32r-The method as claimed i n according to claim 31, characterized in tha t 65. further 
comprising applying layers of solder metal (25, 27) are applied t o connection elements (11, 21) 
in a thickness which is such that, during a diffusion-soldering process between m e tals of th e 
electrically conductive grains (23 1) or grains (23 1) in the form of metallized insulators and the 
solder metal , the solder metal is completely converted into an intermetaUic phas e (26 , 28) . 
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67. 3^The method tis claimed in according to claim 31, characterized in that, when 
Hsia €f6S. wherein the microcapsules (23 1, 23 2) whos eh ave electrically conductive grains (234) 
eensk tconsisting entirely of solder metal, and connection elements (11, 21) w hich are free of 
solder meta l on electronic circuit system (10) and substrate (20) , fe efurther comprising selecting 
a thickness of the coimection elements (11, 21) is selected in such a wayg Q that sufficient 
material is available for &eg transformation process during the diffusion soldering. 

68. 34r-The method as claimed i n according to claim 31, characterized in that, when 
fts «g65. wherein the microcapsules (23 L 23 - 2) whos eh ave electrically conductive grains (23 - 1) 
comDris ec omnrising an electrically conductive metal core covered with a solder metal, and 
wherein the connection elements (11, 2 1) w hic h are free of solder metal on electronic circuit 
system (10) a nd substrate-{20), ftirther comprising selecting t he thickness of the connection 
elements (11, 21) and-ef the solder metal is selected in such a way that their materia lt here is 
sufficien t material , during the diffiision soldering^ for feea transformation process between 
c o nnection eleme nt material and core metal having the solder mctal.^ 

69. The electromechnical coimection according to claim 62. wherein the diameter of the 
microcapsules is less than 10 ^m. 

70. The electromechanical connection according to claim 64, wherein the lavers of solder 
have a thickness of less than 10 fxm. 
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(57) Abstract: Hie invention relates to an electrical-mechanical connection between electronic circuit systems (10) and substrates 
O (20). Accoiding to the invention, the efectronic circuit systems (10) and substrates (20) arc connected lo one another in a mechan- 
ymm( icaDy fixed manner and die electrical connection elements (1 1, 21) thereof are connected in an electrically conductive maimer via 
O microcapsules (23-1, 23-2) comprised of granules (23-1) which are at leasts in part, electrically conductive and which are coated with 
^ a dielectric (23-2). In addition an electrically conductive soldered connection (25 to 28) exists between nucroca|>sules (23-1, 23-2) 
^ with a forced open dielectric (23-2) and the electrical conned 
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TO ALL WHOM IT MAY CONCERN: 

Be it known that WE, Holger Huebner and Vaidyanathan Kripesh, citizens of 
Germany and India respectively, residing in Germany and India respectively, whose post 
office addresses are Hamsterweg 10, 85598 Baldham, Germany; and L-5/E Sarvamangala 
Colon, Ind-Chennai 600083, Ashok Nagar, India, respectively, have invented an 
improvement in: 

ELECTROMECHANICAL CONNECTION BETWEEN 
ELECTRONIC CIRCUIT SYSTEMS AND SUBSTRATES, 
AND METHOD FOR PRODUCING THIS CONNECTION 

of which the following is a 

SPECIFICATION 

BACKGRO U ND O F T HE INVR NTfON 

FIELD OF THE INVENTION 
[0001] The present invention relates to an electromechanical connection between 
electronic circuit systems and substrates in aooordono e with the preamble of patent 
oldm 1 and to a method for its productio n in accordance with patent claim 31.^ 

BACKGROUND OF Tf-fE INVENTION 

[0002] In the context of the present invention^ the term electronic circuit systems is 

imderstood as meaning solid-state circuit sj^tems, in particular integrated semiconductor 

circuits. Specifically, the term system indicates, for example in an integrated 

NY02:362046.1 i 

COMPARISON 



A34864-PCT-USA (071308.0284) 

PATENT 

semiconductor circuit, the semiconductor material body which holds the electronic 
functional circuit elements, such as transistors, diodes, cq)acitors, etc., and the metallic 
conductor tracks and connection elements which are situated on this body and connecting 
the functional circuit elements. Jhe connection elements, mav: be flat appJicajittPS of 
meta l known as p ads, or sphericaJ j^^^ elements, known as biUTips. Further, infe the. 
context of the present invention^the tarm.SAibstrates is understood as meaning circuit 
boards, such as pri nted ci rcuits or p rintcd^circuit ho ards. Substrates of this tjye also have 
connectiQB elements of iJie above-mentioned type, generally in the form of pads. 

[0003] Tho conn e ction olemontG maybe flat opplic atioH S of m e tal, la -imm-m-faiBrm 
sphe rical -met all ic elements, Imewn as bumps. 

[000 1 ] hi the context of t he p rcGont inve ntion, th e tenn s u bs tr ate s is un d er st ood as 
ffl eaning circuit boiM^HS«efr-€ S - p rint e d circuits or pri n te d circuit b o arda. Sub st rato a o f 
this type al s o have connection elements of tho abov o- mention e d type, gener a lly in the 

[0005] It jg known to produce oloctromochanical conn e ctions of the typo under 
di scus s ion b y m e ans of an adli«siw-w4H6h-€-efttaiBs-electrically cenductive gr a ins, /m 
olectromcohanical connection of this type io oxplainod below with rcf o roncc to Fig. 1 . 

[0006] Fig. 1 d ia gram m a ti ca l ly dopiots an ol o ctronic oircuil system 10. for oxamplo an 
i ntegrated s e mi c onduct or circuit, w hich ia electrically an d me c ha nicall y o onn o ct o d to a 
subotrate 20, for oxampl o u printed circuit board. Conn o ctio n olo m o nts in tho fo i in of 
pad s a r o pr e s e n t on tho circ u it sy s te m 10, a n d con nec ti on olo mento 21, which arc li l cowiso 
ui tho form of pods, are present on tlie substrate 20. - 
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IfliMm lOOOT Ht is known to produce electromechanical connections oFthe typ e under 
discussion by means of an acUiesive which.gonlains electrically conductive aains. An 
electromechanical c^^^ ofthis tA3>e is explainc d described below with rciqrcnce to 

figrlrFififure 1. whichKgr 4diagraiiimatical[y depicls.anglectmritc circuit S3^tem lO^fe f 
exaaplee.g.. an integrated semiconductor circuit, which is electrically and mechariically 
connected to a substrate 20. for oxomplo such as a printed-ci rjCuit.bQard. Connection 
elements in the Fom of pads are present on the circuit system 1 0^ and cqinnectinn 
eigitents 2 1, which arc likovidso in the form of pads .2 1 which are also in the form of p ads 
arc present on the substrate 20. The circuit system 10 and the substrate 20 are connected 
to one another using the fltpFlip-eh mChip technolo g v Technologv m such a manner that 
the pads 1 1 and 21 come to lie facing one another, witii an adhesive 24, which contains 
electrically conductive grains 22 and 23 and is indicated by dot-dashed linesj between 
them. The adhesive 24 ma y, for oxamplo, be a polymer, ^vjakand the conductive grains 
may consist of silver. 

[ 0008] In a connection of t he ab o v e m c Btiened type^ - eloctrioaily c ond ucti ve grafts ? 
which aro in thio oaao denoted by 22, come to he i n tho ktt e ral spaces between t he puds 1 1 
and 21, and con d uctive grains which are denoted by 23 come t o - l i e - in th e vcrtie al spae es 
be tw ee n p ads 1 1 and 2 -1 -w hich fa ee - ene an o ther. 

IflQfl4| fOQ091-ln a comiection oir^ type, the electricall y conductive 

ia M» which aro m this oaoo donotod by 22, .ggxng to lie in the latei-al spaces..b.e.tween the 
pads 1 1 and 21 , and conducti_\'e g rains which ore denoted by 23 come to lie in the vertical 
spa.c.es.beiween pads 1 1 and 21 which. face. one another. Pressing the circuit system 10 

and substrate 20 together ensures that the electrically conductive grains 23 between pads 
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1 1 and 21 which face one another come into electrically conductive contact with these 
pads, flmsp roducing an electrical connection between circuit system 10 and substrate 20. 
By contrast, theH ie electrically conductive grains 22 in the lateral spaces between pads 
1 1 and 21 do not come into electrically conductive connection with the pads, so that in 
this respccth ^gg there is no short-circuiting connection between pads. An electrical 
connection of tiie type described is anisotropically conductive^ in that an electrically 
conductive connection is produced in the vertical direction by electrically conductive 
grains 3222 between pads 1 1 and 21 which face one another, but is not produced in the 
lateral direction by electrically conductive grains 22 in lateral spaces between pads 1 1 
and21. 

fOOOSI [0010] To indicate that the electrically conductive grains 23 between pads 1 1 and 
21 which face one another can be deformed during compression, they are 
diagrammatically indicated in an oval shape , while th e . The grains 22 in the lateral 
spaces between pads 1 1 and 21 remain undeformed and are therefore diagrammatically 
indicated in the shape of a circle. 

[0011] hi th e4j^" e g-aleetro m ech feeribe d - abov e, the following 

conditions h a ve to be sati s fied' ■ fo r relia b l e operaeeH;- 

IQOMl [0012] Firotly, the adhesive 21, In the t„>i>e of electromechanical connection 
described aboyc. the foUowin g certain conditions have to be satisfied for reliable 
operation. First, during setting and wfee awhile the circuit system 10 and substrate 20 are 
operating, the adhesive 24 h as to develop sufficiently high shrinkage forces to ensure 
permanent compressio n and thorofor c . in order to provide a reUable mechanical 
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connection between circuit system 10 and substrate 11. However, adhesives do not 
generally have good properties in terms of adhesion and resistance to moisture, and 
consequently a connection of this type is not sufficiently reliable. Particularly in the 
event of fluctuating thermal loads, high shear forces may arise in the adhesive jeiajm^, 
with the result that the adhesive may break open an d, as a result, the electrical connection 
throu^ the electrically conductive grains 23 may be broken. Furthermore, moisture 
which penetrates m av penetrate into the join ma v ioint when heated, mav cause entire 
areas of the circuit system 10 to break away from the substrate 20. These drawbacks 
ai= amavbe offset by the advantage that adhesives that do not need to be structured. 

^00071 [0013] SeoondlyS ^oM, the amount of electrically conductive grains 22, 23 in the 
adhesive 24 must be sufficiently large to ensure that there is at least one electrically 
conductive grain 23 between pads 11,21 which face one another, in order to guarantee an 
electrically conductive connection. On the other hand, the amount of these grains must 
not be so high that there is a risk of electrical short circuits being caused by electrically 
conductive grains 22 in lateral spaces between pads 1 1, 21. This problem assumes 
greater importance asA s the level of integration increases and therefore t he electrically 
condactivc structures become sm^^^^ do tlic distances bcUYcen them on integrated 
semicoiiductpr circuits and matching simctiires on substrates connected to the circuits. 
such as for example jrintc^^^^^ the latter prohkm hennm^A inrr^nflirtgly 

important.^ 

10014] As t he le ve l of i nt ogi ^ a eoii increase s and th e r e for e t h e olcc tri cal ljK^oiiduGtiva 
structur es b e com e small e r, a s do t h e distanc e s b etween t he m o n int eg rat e d semiconductor 
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e i r cui t s " BHd mat ehi ng st r uctu r es on subs t m t es co nne ct ed to t he e irc ui ts^ suc h as For 
examp l e priet e d cir c uit boa i' ds, the latter problem becomes increuGingly important, 

roOOSl [0015] T o counteract this problem, it is known from "Flip Chip Technologies" by 
John H. Lau, McGraw-Hill, 1996, pages 289-299, to use microcapsules which are 
embedded in an adhesive and comprise electrically conductive grains and a dielectric 
surrounding them, for example in the form of an insulating plastic. A microcapsule of 
this type comprising an electrically conductive grain 22-1 (or 23-1) and a dielectric 22-2 
(or 23-2) surrounding it is illustrated on an enlarged scale in fife -Figure 2. 

ro0091 {OOM!}-In an electromechanical connection using conductive grains surrounded by 
a dielectric in an adhesive also requires the circuit system 10 and the substrate 20 to be 
pressed together, as shown in Ft feFisure 1. As a result of the pressure which is generated 
by this operation and the setting of the adhesive 24, the microcapsules 23-1, 23-2 
between pads 11,21 which face one another are compresse d, with the result tha t . This 
results in the dielectric 23-2 i sbeing broken open an d, as a result, an electrically 
conductive connection is formed via the electrically conductive grains 23-1. This state of 
affairs is diagrammaticolly illustrated in fi feFigure 3 in the form of a deformed 
microcapsule 23-1, 23-2 between two pads 11,21. Although in aii electromcchaiiicai 
connection of ^ risthe type produced by means of microcapsuloo of the t\T3 om icrocapsules 
describe d above the problein of lateral electric ghoit circuits via microcap sules 22-1, 22-2 
situated jn the kieralmices beiwem pads 1 L 21 is virlmlly eliminated, the problems 
described above in co miection with the adhesiv e remain as before. 
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[0017] Al though ■k" an e l e ot re niechaoical comi e e tion of this lypepvodmecl -hf-memB-ef 
microcapsules of the t ype described- abeve the probl e m of teiem short circuit s via 

BMcrecapsul as 22 1 , 22-2 sitiiated in the lateral spaces b@tweeB p a d s 4 1 , 21 i s virtuall y 
eMminatecl, the probl e ms described ab o ve iB-e o iin e etioB w i t h th e adhes w e-^ 

SUMMARY OF THE INVENTION 
fOQlOl [00181 The present invention is based on the obiect of providin g provides an 
electromechanical connection of the type under discussion w hich^ is both mcchaoicaj ly 
and electrically stable and prevents electric short circuits even with fine electrically 
conductive structures on electronic circuit systems and substrates-rifrboth ma e honically 
^yr^ctricaliy stiible-md-i;>r-©¥-ent s e l e e^rie-^hort circu it s. Specificallv.^ V^^ 
gJcQtipmcchanica] connectjoti of the generic type, this object is achieved, accordmg to the 
invention, by the m e asures given in the characterizing part of patent claim L i s formed 
between electronic circuit svstems and substrates which are mechanicallv connected. The 
electrical connection elements which face one another on the electronic circuit system 
and substrate are conn ected in an electronically conductive manner bv means of 
microcapsules which are in the form of grains coated with a dielectric which is broken 
open on its areas whic h face the electrical connection elements. At the exposed areas of 
the grains an electrically conductive soldered ioint is formed between the exposed areas 
of the grains and the electrically c onductive connection elements which face these areas. 
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[0019] Wi th a n clectromechanjo al c o ni ieG t i on of the generic type, this object is achieved, 
according to the invention, by the measur e s given in the characterizing part of patent 
claim 1. 

[0020] A method for producing an electromechanical connection according to the 
invention is characterized by the measures given in patent claim 3 L 

[0021] Refinements of the electromechanical connection according to the invention and 
of the method according to the invention form the subject matter of corresponding 
subclaimG> 

BRIEF DESCRTPTTON OF THE DRAWINGS 
1^001 H [0022] T he ^§^invention is exnlaine dd escribed in mCT eereater detail below 
on the basis of exemplar}^ embodiments i n coniunctio nc onnection with the figures of the 
drawin g drawings . in which: 

Figures 1 to 3 show th e illustrate known embodiment s features of the invention 
which have afeea^been exBlaine d described abev fehereinabove: and 

Fig. 4 shows a diagrammatic illustration, e egaep0BdiBg4e4to^ 
efFigure 4 illustrates an electromechanical connectio n in order to explain embodiments in 
accordance with the invention, corresponding to that shown in Fig. L oi F igure 1 but 
which em bodiment is in accordance with the present invention. 

DETAILED DESCRIPTION OF THE TNVR>3TTnN 
ro0121 [0023] The essence of the hwention is to be seen as residing in the fact thatM 
accordance with the present invention , a metallic solder joint is produced at least.ai-tli.e 
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locations o j^the clcctf connections, in addition to a compressive connection to 
produce the electrical connection between an electronic circuit system and a substratena 

i B etallic soMarJe-i-Bt'i s p ro fee a d - a t least-ai-fea-leeatioBs of fe 

[002 4 ] In Fig> 4, on the basis of which embodimenta of the invention are explained, 

identical e l eme nts to tho s e shown in Fi g ures' 1-te 3 ar e p r ev ldod wi t h identical referaBe e 

mi31 r0025l As has alrcadv boo ni n Fisure 4. I n Fig. 4. on tho ham's of which 
embodiments of the im^ention arc explained, i dentical elements to, those. sho\;^qi in FiRures 
1_ to 3_arc provided yidth idgiticd symbols. As explained in connection w ith 

reference to Fig.E i^g 1, the arrangement nhown in Fie> F igxire 4 is hkewis oi llustrates an 
electromechanical connection between an electronic circuit system 40^10 £for example 
an integrated semiconductor circuit system^, and a substrate 20^20 £for example an 
electrical printed-circuit board^. Electronic circuit system 10 and substrate 20 eeee 
ag^Mgs have the connection elements in the form of pads 1 1 and 21 . 

ro014] [0026] TheA purely mechanical connection talces nlac oo ccurs by means of the 
adhesive 24 which is indicated by dot-dashed lines, for example a polyme r, in which, 
howeve r . However , unlike a-the known embodiment shown m F feFieure 1, it is not 
purely metallic electrically conductive particles 22, 23, but rather microcapsules 22-1, 22- 
2, 23-1, 23-2 which are suitable for a soldering operation that are embedded. 
Embodiments of these microcapsules are explained in more detail below. 

fOOlSl [0027] I t should be noted that the invention is not restricted to embodiments used 

with an adhesive 24 to produce the purely mechanical connection between electronic 
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circuit system 10 and substrate 20. Embodiments in which a connection is produced by 
means of a soldering operation without adhesive, which is described in even more detail 
below, are also possible. This can take place by means of pads 11,21 which are inactive 
for the intended electronic operation of electric circuit system 10 and substrate. In this 
context, the term "inactivity" means that pads of this type are not electrically connected to 
electronic functional elements in electronic circuit system 10 or on or in substrate 20. 

[0028] A first embodiment ofa ■s olde r e d j o i nt in the eoH t ex t of t he invention is explained 
b e low> 

f0039Hn ftkoneArfes t embodi ment of a soldered joint m the context of the 
invention in explained bolow. B reseat embodimen t invention. the microcapsules comprise 
electrically conductive grains 22-1, 23-1 which are covered with a dielectric 22-2, 23-2 
and may consist of a metal selected fi-om the group consisting of copper, nickel, silver, 
gold, a solderable metal alloy or an insulator, for example tin oxide, which is covered 
with an electrically conductive metal, for examolc e.g.. silver. The way in which 
microcapsules of the latter typo can be produced is known, for example, from 
"JOURNAL OF MATERIALS SCIENCE" 28 (1993), pages 5207-§2tO r5210 which is 
incorporated herein bv reference. The dielectric 22-2, 23-2 used may be an insulatiiig 
engiBeLlvhich may also act as a soldeiinj^ flux. 

[0030] The dielectric 22 2 . 2 3 -2-u sed may be an insulating enamek -which may a l so a ct as 



^00171 [0031] F or the soldering operation, layers of solder 25, 27, for which a metal 

selected from the group consisting of tin, indium, gallium, or a metal alloy with a low 
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melting point may be used, are provided on the pads 1 1, 21 in order to produce the 
electrically conductive connection between electronic circuit system 10 and substrate 20. 
The layers of solder 25, 27 are preferably produced by selective electroless deposition on 
the pad surfaces, so that it is possible to produce sufficiently planar surfaces. 

rOOlSI [0032] I n accordance with the method according to the present i nvention, 
microcapsules 22-1, 22-2, 23-1, 23-2, which are embedded in the adhesive 24 or a 
polymer fihn, which is not specifically shown in Fi ^Figure 4, are introduced between the 
electronic circuit system 10 and the substrate 20> and tho v 20. Thev ar e then compressed 
together under such a force that the dielectric 23-2 of microcapsules 23-1, 23-2 situated 
between pads 11,21 which face one another is broken open. After fee-compression, the 
arrangement is heated to a temperature which Jiesig above the melting point of the solder 
material of the layers of solder 25, 27. In the process^ Ihe molten solder comes into 
contact with material of the electrically conductive grains 23-1 of the microcapsules 23-1, 
23-3^2 and a metallic bond v^^tb^mg good electrical conductivity is produced. 

ro0191 |0033f Microcapsules 22-1, 22—2 in lateral spaces between pads 11,21 remain 
unaffected by the compression operation and therefore their dielectric 22-2 remains 
intac t, with the^ J^ result of this is that lateral short circuits are prevented. Therefore, 
the electromechanical connection according to the invention is anisotropically conductive 
in the sense explained above. 

[003 4 ] It is particularly advantagcouG if a -dtf fes ieii s o ld e ririg m e thod-i-s-Hsed-fer the 
geMer-m g . In this method, a nietaHic bond which is ableto withst a nd high temperat u re is 
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intemetai tie-pfa^ s erw^^^^^ is abb to withstand hi g h tempe ratur es and is yotry 
m©ehaBioa tiy"Stable^-" wM - h" - bigh melting nietds - "Wlikfe "- a r e "i e" -l )e " €e BH e et e d;"ta^^^^ 

i Hterm e taiiic phase. soideriB g -fB e t fe ed-ef-dik- Imown per se, for e xample from 

US A 5 053 195. 

[0020] [0035] For this method^ I t is particularly oreferred l t is particularly advantageous if 
a di rrusion- sojdenng method is uscd for the soldering. Tn this method, a metallic bond 
which is able to withstand high temperatiire is. produced usin^ji Jow-meltinR solder as a 
rcmlt.,of the solder metal fomiing an iirtemctallic phasor \\%^ to withstand high 

teniperatureg.and is very mechanically stabk^ with hii^rmeltingmetals wliich are to be 
coiinected. In the process, the low-melting solder metaLigcoMll^^^^^ ix. 
passes completely into the intemietallic phase,. A.soldering method of this type is j mewit 
per se, for example from US A 5 053 195. disclosed hi United States Patent No. 
5,053.195. wherein the layers of solder 25, 27 have a thickness of the order of magnitude 
of ^0^1 0 ^im, preferably of less than 10 um. The v about 10 um. and consist, for 
example, of tm. The electrically conductive grains 23-1 or the metallic layers of grains in 
the form of metallized insulators, and if appropriate the pads 11,21, consist, far 
examplog ^, of copper or nickel. When contact is made between the metal of the grains 
during the diffiision-soldering method, the tin is completely transformed into 
intermetallic phases, which are denoted by 26, 28 in PifeFi^ure 4. As has already b een 
explamed^^^^^, the joint which is formed in the process has a significantly higher 
melting point than the solder metal and better mechanical properties, such as high tensile 
strength and freedom from creep. It is imnortan tln a development of thgi invention, it ir 
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essential Jn a solderi ng process oFthis type that ^Mll^?:}^^. 9l^^}^^9P ^^^^ Ml¥gted 
beiween.the pads 1 1 , 21 and the pad $urfao,es,ffle sufficiently pljaii^ir. Then,, all the 
microcapsiiles 23-1. _ 23-2 situated bct\¥ccnpads 1 L 21_w!^^^^^^ 
cornpre$sed,„SQ.lhat their electrically CQndiiMve.graiiis 23r2 grtheir electrically 
^^MlMiy^Pgrts come into contact with thp_ solder metal 

[0036] In a development of the invention, it is essential iB- -a"Sel4aBBg-|)^e€-as6-ef^^^^^ 
that a sii ^ gte4 aye r o f m i cr ooa p - S ' i dc s is sit uate d betwee n -th e pM s lh ll an d t he pad 
s-Hrfaces are s uffici e ntly planar, l^h e a a ll t he m icr o cap G ui e s 23 1, 23 2 situat e d b e tween 
pads 1 1 ,"21 wh ich-l ae e-one a eethcr areeenipressedv-so thatfe a i F electrically condiietive 
g rai ns 23 2 or th e ir e l ect r i c a ll y c en dii e ti ve ' p a rt s co me into ■eentaot -wi th th e s o ld e r m e tal 

ro0211 [0037] TheA single-layer structure can be produced particularly successfully if - 
as stated abo\ c t he microcapsules 22-1, 22-2, 23-1, 23-2 are previously embedded in a 
polymer fihn. The wa ¥manner in which fihns with embedded microcapsules of this type 
can be built up and produced in detail i s leno^n ner se. for example fro mt aught in 1992 
"IEEE", pages 473 to 480 and 487 to 49L A film of this type ensures the lateral 
insulation of the microcapsules 22-1, 22-2, 23-1, 23-2 and can act as a spacer. Shaped 
parts which match the surfaces which are to be connected can be produced. The adhesive 
24 can then be dispensed with, if appropriate. 

ro0221 ^00S^8]-It should be mentioned once again that the configuration described above 
is not specifically illustrated in Pi feFigure 4. Also, soldered joints between pads 11,21 
which are inactive in the sense mentioned above and microcapsules 23-1, 23-2 without 
any adhesive 24 being present are not specifically illustrated in Ptg rFigure 4. However, 
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in Fife -Figure 4 it would be possible, for example, for the two pads 1 1, 21 shown on the 
right-hand side of the drawing to be regarded as "inactive" pads and for the two pads 11, 
21 situated on the left-hand side of the drawing to be regarded as "active" pads. 

[0039] In a further embodiment o f the iBv e nti o i i , it is po ssi Ma 4e - a se- m cfeeapsete s 
22 - 2, 23-1 r2 3 " 2 wh ich at least i n p ar t-e eBs i s t of a s o l d er H ietal; 

[0040] According to one variani --ef 4 his -amb e dime B %4'te^ 

22-1, 23 - 1 con s ist cntirely--ef-s Q !der metal, in whieh- ease a met a l selected From-the-gFOup 

[0041] In t his c a se ^ a s olderable m etal which may be a metal selected from the group 
al a etronic ci rcu it s y st e m lO and s ubstime 2Q;- 

f00231 [00421 M n a further preferred embodiment of the nresen tin a further emhodimont 

ef4he in veBtion^^ possible to use microcapsules 224, 22-2, 23-1, 23-2 \yhich at least 
in part cong.ist of 4 solder metal According to a According to on e variant ofthig 
e m bodime nt, llie electrically cooductivc jraji?s_ 22-L 23-1 consist entirely of solder metal 
ili,which.c^§.a metal selected from the gmUQConsistiR^ of tin, indium, gallium or a soft- 
?<?I#r 4lQZgffl be used as solder metal In this case, a soldcrable metal wMch may be a 
metal selecM fromihg .^rpup. consisting of copper, nickel silver or £old is used as 
materi al for the pads 1 1 , 21 oFthe electronic circuit sysffm^lO andsubs^^^^^ 20. Also in 
this embodiment4ee, the electrically conductive grains 22-1, 23-1 of the microcapsules 
22-1, 22-2, 23-1, 23-2 are surrounded by a dielectric 22-2, 23-2 in the form of a layer of 

insulating enamel As well as its insulating action in tiie lateral direction, which has been 
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explained above, thisI Mg layer of insulating enamel additionally prevents in particular 
electrically conductive grains 22-1 in the lateral spaces between pads 11, 21 of electronic 
circuit system 10 and substrate 20 from flowing together when heated during the 
soldering process and therefore prevents short circuits in the lateral direction. 

100241 {0043]-Since the solder material of the electrically conductive grains 23-1, 23-2 of 
the microcapsules 22-1, 22-2, 23-1, 23-2 becomes liquid during the soldering process, 
and therefore the layer of insulating enamel breaks more easily, the pressure required to 
break open this layer between pads 11,21 which face one another is not as high as in the 
first embodiment of microcapsules which was explained above . When the solder 
material makes contact with the material of the pads 11, 21, the soldered joint is formed, 
and therefore electrical and mechanical contact is made. 

\0025] f0044]-Since the microcapsules 22-1, 22-2 in the lateral spaces between pads are 
not compressed, their layers of insulating enamel 22-2 remam intact. When using an 
adhesive 24, these microcapsules are held together either b v feisthe adhesive^ or when 
embedded in a polymer fih n in the sense explained above , and cannot flow out. 
Therefore, in this embodiment4ee, the diffusion-soldering method explained above is 
particularly advantageous. The electrically conductive grains 22-1, 23-1 of the 
microcapsules 22-1, 22-2, 23-1, 23-2 may, for example, consist of tin and the pads 1 1, 21 
of electronic circuit system 10 and substrate 20 may consist of copper or nickel. If the 
electrically conductive grains of the microcapsules have a diameter of less than 10 p.m, 
the tin is completely transformed into the intermetallic phase 26, 28 when contact is made 
between the solder metal and the pad metal. In tum, an electromechanical connection 

with a melting point which is significantly higher than that of the solder metal^ and 
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therefore excellent mechanical properties, such a high tensile strength and freedom from 
creeps is formed. 

[00 4 5] Electrically conductive g rains w it h -a small diameter orthe ordaf-ef-ma g nitu de ef 
4-Oim- aed - fir efera b ly l ess than 10 p>m are advantageous4eH^r«mfeef et-^r 

[00 4 6] Firstly, the thi c ker the electri c a ll y e o ndu cti ve fflains , the-lon g o r th a procoss of 



Mmnet®r-of 40 | im the reaction tak es ovarhalf an houn With-diametars-of tess-tto 
10 ^m, tiic rca e#oiHm^4s-^#4l i €''Q of niagniiud e ofHmmlresT 

[00 4 7] Secondly, ' the ' pads 11,21 have to be sufficientl y thiek-te- be able to presi de 
SH - ffi ei e Bt m e t a l for the irans f ommlien re a ction. When-^in g -eleetii e ri^ ^ ^ conductive 
g rains ha v ing the preF e rr ed d iam e ters, th e r e " i s relatively l ittle s old er metal ava ilable, so 
that conrospondingly a amall amoeB t- e f p e ^l-meta- t - n eeds to be a v aila b le for compl e t e 
t ra n s formatiea:- 

[0018] Thirdl yH lectrically conductive jgrains with a small.dia^ of tlie order,_of 
ma ^iitudc of 1 0j im apd jrej erablv less than 1 0 ^xm arc advantagcoiLs for a nm]iber of 
reasons, FirstiFfestl v. the thicker the electrically conductive. ^ains? the Ioniser the process 
of chemical transformation takes during the di ffiisio Ti soM For example, with a 
diameter pf 4 Q-about 40 ^m the re acliQn takes .oyer half an hour. With diameters o f less 
thaii jrO^imrabout 10 um the reactio n time is of the order of magnitude of minute^^^^ 
Sge ^Secondl y , the pads 1 L 21 have to, be sufficiently tiiick to be able to provide 
sufficient metal for th e tans fo m an When using electrically conductive 

grains haying the prefem-d diameters? there is rgMyel y.little sojder oietal available rse 
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that correspondingly a so that a con^esp ondind y small aiiiount of pad i^^^ needs to be 
jiyailable for complete .ir^)sforniation. Third , small diameters of the electrically 
conductive grains are of benefit to finely structured contacts^ which isare advantageous in 
particular for integrated semiconductor circuits with a high level of integration. 
FourthlyE o^^, the diameter of the electrically conductive grains determines the 
thickness of the soldered joint. Thin solderedjoints have a better fracture behavior. With 
a thickness of less than about 5 ^im^ the joint has em elastic action when bent, whereas if 
its thickness is greater than about 10 |xm it becomes brittle, so that stress cracks may 
easily form. 

r0027] [0049] AsM a modification the embodiment described above, the electrically 
conductive grains 224, 22-2 of the microcapsules 22-1, 22-2, 23-1, 23-2 may not consist 
entirely of solder metal, but rather may consist of a metal core which is covered with 
solder metal. This may, for example, be a copper core which is covered with a layer of 
tine^ solder. If the tin solder is dq)osited electrolessly in a tin exchange bath, the top 
layer of the copper core is replaced by a correspondingly thin layer of tin. A typical 
thickness of the layer of tin is of the order of magnitude of about 200 nm. 

f00281 {OOS©}-The use of electrically conductive grains of this type, including fe rtheir 
use in the mechanical and electrical connection of objects, is loiown per s e , for exam ple 
feemdisclosed in 1996 "Electronic Components and Technology Conference", pages 565- 
S70j52Q which describes an electrically conductive adhesive material which comprises a 
conductive filler powder^ which is covered with a metal with a low melting point (solder 
metal), a thermoplastic polymer^ and further minor organic additives. The filler grains 

are coated with the metal of a low melting point which, when producing a connection 
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between objects, is melted in order to produce a metallurgical bond between adjacent 
filler grains and between filler grains and metallic connection elements on the objects 
which are to be connected. A connection of this type corresponds to the arrangement 
shown in Pig rFigure 1 . In this case^ te ehowever. the problems explained above with 
regard to the adhesive formed by the polymer and with regard to the amount of 
electrically conductive grains usedr« emavbe encountered. 

f00291 [0051] AsinM the two embodiments exnlaine dd iscussed above, electrically 
conductive grains 224, 22-2 of this typo are covered with a dielectric 22-2, 23-2 in the 
form of a layer of insulating enamel. It should be noted that the fact that the electrically 
conductive grains may for their part be of two-part form is not specifically illustrated in 
Figures 2 to 4. 

^00301 [0052] One advantage of electrically conductive grains 22-1, 23-1 in the form of 
metal cores which are covered with solder metal is that the soldering process, which is 
once again preferably in the form of the diffiision-soldering process, takes place very 
quickly and precisely^ on account of the overall very thin layer of solder. A further 
advantage is that even in microcapsules 22-1, 22-2 in the lateral spaces between pads 11, 
21, which are therefore not in contact with pads 1 1, 21, the solder reacts with the core 
metal and is transformed into an intermetallic phase. Therefore, microcapsules of this 
typerte% are firmly stable at temperatures which he well above the melting point of the 
solder, since they can no longer become Hquid. 

^00311 {©^^Furthermore, on account of the low thickness of the layers of solder of the 
electrically conductive grains and the resultant relatively small quantity of solder metal, 
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the thickness of the pads 1 1, 21 can be reduced^ since a correspondingly small quantity of 
pad material is required for complete transformation of the quantity of solder. A further 
reason for using layers of solder of small thickness is that it is no longem ot necessary for 
^gj)ads to be raised? since the solder of the electrical conductive grains can no 
lengaFe^gt "run out" when the layer of insulating enamel breaks open? since the low 
layer thickness means that the solder adheres to the surface of the metal core, providing 
good wetting of the latter Accordingl vF or the above reasons , in ail the m broca^^^^^ 
22tl. 22r2, 23-1.. 23-2. both those in lateral spaces between i>^s.1 .L.21 and those 
between pads which f ace one aooth^^^^^^ is no longer possible for any liquid sQidcr. which 
teads shprt circuits, to form at operatinR temperaiiires of the an^HM^ Hence 
electromechanicalElectromcchanical contact with the p ad s 11.21 rcsi ilts from the 
rgactiQn ofjhe.^Qjder of the eiectricaJly.cQnductive gains 23-1 . 23-2 witji the, maai of the 
pads 11.2 L 

[0051] For the above rcas ono, in all the micr o aip6tries-^-3- 1, 22 2 , 23 1 2, both feese 

in lateral 3paco z b etween pads 1 1, 21 and those bet w een pada whbb face one another, it 
iis-ee-tonger possible for an y- liquid s older, which lea d s to short circuital, t o form at 
eperating'-teiiipcraturesofth e - a rrang e maBlr 

[0055] Eloctromochanic al co n t ac t wi th th e pads 1 L 21 reoultG from t h e reaction of th e 
so lder oTt he © l e ct riea ll y conductiv e gr a ins 23 1 , 23-3~wtf 

[0032] [0056] A further advantage in particular in t he embodiments with electrical 
conductive grains 22-1, 23-1 comprising metal other than solder metal and layers of 
solder 25, 27 on the pads 1 1, 21, as well as electrically conductive grains comprising 
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metal cores covered with a layer of solder, is that it is possible to produce particularly 
thin solder layers, which can be controlled accurately, during the diffusion-soldering 
method, in the form of intermetalUc phases 26, 28. 

f00331 [0057] I n the embodiments described above, the microcapsules 22-1, 22-2, 23-1, 
23-2^2 {apart from the variant involving the embedding in a polymer film^^ can be 
processed with an insulating hquid^ which may be the above-mentioned adhesive 24 or a 
fluxj to form a paste. In the case of the adhesive^ it is possible to combine the advantages 
of an adhesive bond and of a soldered joint. This adhesive bond ensures additional 
mechanical stabiHty, and the soldered joint ensures reliable electrical connection. 

f00341 [0058] To summarize, it should bo pointed out once again that, according to the 
present inventionr it is possible to achieve a creep-resistant connection, since during the 
preferred diffusion soldering the solder material^ £as a thin layer on the microcapsules or 
the connection elements on the electronic circuit system and the substrate^} is completely 
changed into the intermetalUc phase, i.e. no residues of solder material remain. 
Furthermore, tho^ ^ thin layers of solder material ensure that the soldering process takes 
place relatively quickly. Furthennore^ the .large quantilY of microcapsules which is 
possible even with small cqnn^^^^ element structures means that reliable eto^ 
cpmiection in combmalien .wilh.R()ad thermal conduction and,— ei^on accomit of ihe 
Bicdiaoica] soldered joint via the so ldered niicfocapsu1es~ -j_ a significa ntly more reliable 
mechanical connmiQJi.comndxMXQ.^.mirc adhesive bond i s enaur^d. Finally, hMi 
thermal stability ofcle ctromcchaiiicat conncctioti is also e nsufedrensured since the 
o verall connection QDmtioii can be desiMPed in such ajyav dMmresidues, such as for 
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example insul3.tin^ resid ues of metal oxides, glass or ceramic or binder, remain iti the 
comiection, 

[0059] Fiirt h ormo ra, the la r ge qu an t it y o f m i crocapsu l es which is possible-- e ¥ e n - w ith 

Bfmdl-eem^^ thai re l iaM© eleetricaleamectionm 

combination wi th goo d thermal conduction and — on account o f t he me chanical soldered 
jekrir^ 4h e"-s e ld e r © d m aeroc a p s ries — arS^ilk-aetly^^ei-e^^l k bl e -" ^ ^^ 
c onnc cti eH ■compared to a pur-e-adhe s i vc b o nd i s e n sur ed^ 

[0060] Fj ^tiy^4%tHheF^^ conii e ct ieB is also en sured, 

si nc e th e over all c onn ection operation c a n b e desi g ned i n s uch away th a t m residue s ^ 
■ S Hcb as for- a xanipie i ns rialing-re s klees of me^ binder, 
r emain in^ the connecti o g i T 
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tfWE^ CLAM : 

25i 4-r-An electromechanical connection between electronic circuit systems 
and substrates-(20), in which a n comprising the electronic circuit system (l^and a 
substrat e (20) are mechanically connected fixedly t o one another, and electrical 
connection elements (11, 21) w hich face one another on the electronic circuit system-(iO) 
and th e substrate (20) are in each oaso connected in an electrically conductive manner by 
means of microcapsules (23 1, 23 2), and in which the microcapaulos (23 1, 23 2) arc 
formed bvfrom grains (23 1) which are coated with a dielectric (23 2) and which are at 
least in part arog ^Mj^ electrically conductive, oharactoriz o d in tha t wherein the 
dielectric (23 2) of the microcapsules (23 1, 23 2) i s broken open at least on ite-areas 
which face the electrical connection elements (tty^ 2^, — and — at — fee 
correopondingly ^a^ exposed areas of the grains^ (23 n and an electiically conductive 
soldered joint (25 to 28) i s formed in e ach oaoo b etween the e^qjosed areas of the grains 
(23 1) and the electrically conductive connection elements (11, 21), which in oaoh cooc 
face those ar e as, of the olootronic circuit oyatcan (10) and of the suboti-ato (20), 
r e spectively . 

Mj^T-The electromechanical connection as claim e d i n according to claim 
characterized in that35. wherein the mechanically fixcd m echanical connection between 
the electronic circuit system (i^and substi:ate-(3^ is made by means of an adhesive 

2L3t— The electromechanical connection as olaimod in claims 1 and -2; 
characterized in thataccording to clai m 36. wherein the adhesive (I '] ) used i s formed from 
a polymer. 
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2L4T--The electromechanical connection as claimed in one of claims 1 to 3, 
charactorigod in thataccording to claim 36. wherein the microcapsules (23 1, 23 2) are 
embedded in the adhesive~(34). 

39L^The electromechanical connection ViS claimed i n according to claim 4^ 
characterized in tha t3 5, wherein the mechanically fix c dm echanical connection between 
electronic circuit system (l©>-and substrate (20)-is formed by a soldered joint between 
connection element s (11, 21) which are inactive in the intended electronic functioning of 
electronic circuit syste m (10) and Gubstrato (20) . 

4^^The electromechanical connection as claimed in one of claims 1 to 5, 
charactorizod in that according to c laim 35. wherein the p -ains are electrically conductive 
metal grains (23 1) which arc selected from the group of metals consisting of copper, 
nickel, silver, M^gol d and arc covorod with a diolootric (23 2) arc used aa microcapGulGG 
(23 1, 23 2) . 

4L?T-The electromechanical connection as claimed in one of claims 1 to 5, 
characterized in tha t according to claim 35. wherein the grains are electrically conductive 
metal grains (23 1) of a solderable metal allo y, which arc covorod with a dioloctric (23 - 
2), are used as microcapsules (23 1, 23 2) . 

^%^ThQ electromechanical connection as claimed in one of claims 1 to 5, 
characterized in thataccording to claim 3 5. wherein the grains are metallized^ insulating 
grains (23 1) which arc covered with a dioloctric (23 2) are used as microcapGulos (23 1, 

42i^The electromechanical connection as claimed i n according to claim 

characterized in tha t4 2. wherein the grains are silver-plated tin oxide grains are used as 

metallized, insulating grains (23 1) . 
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444:^The electromechanical connection a s claimed in one of claims 6 to 9, 
characterized in Uia t according to claim 35, wherein the dielectric is an insulating enamel 
is used as the dielectric (23 2) of the microcapGules (23 1, 23 2) . 

45i 44T-The electromechanical connection as claimed in claim 10, oharactorizod in 
that a soldering fliix is used ais according to claim 44. wherein the insulating ename l is a 
soldering flux. 

4£ i2r-Tho electromechanical connection as claimed in one of claims 1 to 11, 
characterized in thataccording to c laim 35. wherein the electrically conductive soldered 
joint (25 to 28) b etween ^connection elements (11, 21) of electronic circuit system (10) 
and gubstrato (20) is formed by soldering of l ayers of solder (25, 27) w hich are provided 
on the connection elements (11, 21) to form intermetallic phases (26, 28) comprising 
material of the electrically conductive grains (23 1) of the microcapsules (23 1,23 2) and 
the layers of solde r (25, 27) . 

4L4^The electromechanical connection as claimed i n according to claim -13^ 
characterized in tha t4 6, wherein a metal selected from the group consisting of ten^, 
mdium and gallium is used as the material for the layers of solders (25, 27). 

44T-"The electromechanical connection a s claimed i n according to claim iQ^ 
characterized in tha t4 6, wherein a metal alloy wiMiaving a low melting point is used as 
the material for the layers of solde r (25, 27) . 

^ 4#T-The electromechanical connection as claimed i n according to claim 4^-^ 
1 1, characterized in tha t 47. wherein the layers of solder f25. 27) ar c comnrise layers of tin 
which have been deposited selectively aiid-without ttsij ftgtheuse of an electric current. 

50^ 44r-The electromechanical connection as claimed in one of claims 1 to 15, 

characterized in lhataccording to c l aim 35, wherein the electrical connection elements 
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comprise a metallic material which is matched to the metallic material of the conductive 
grains (23 1) of the microcapouleo (23 1, 23 2) is used as material for the connection 
o lemcn t s (11, 21) of olectronic circuit Gystcm (10) and substrate (20) . 

5L i?7-The electromechanical connection as claimed in claim 16, charactorizod in 
tha taccording to claim 5 0, wherein r23 n of the mirrnnnpanlpr i o) ,,r^A nr 
material fo r the conngctipn „dem.ents (11. 2n of eloctronic circuit ny.tQm (10) nnd 
substrate (20komprise a metal s e lected from the group consisting of copper egand nickel 
is used as mat e rial for th e connection elomonts (11, 21) . 

^ iSr-The electromechanical connection as claimed in one of claims 1 to 17, 
charactorizod in thataccording to c laim 35. wh erein the microca psules are p rovided in a 
single layer^ efsmd microcapsules (23 1, 23 2)b gmg of j uniform size and embedded in a 
polymer fih n ar e provided . 

52^ 4^The electromechanical connection as claimed in one of claims 1 to 5, 
oharactorized in tha t according to claim 35. wherein the grains are electrically conductive 
metal grains (23 1) which ar e covered with an insulating ename l (23 2) an d , which grains 
at least in part consist of a solder meta l are used as microcapsuloa (23 1, 23 2) . 

54^ 30r-The electromechanical connection as claimed i n according to claim 4r9^ 
characterized in tha t 53. wherein the electrically conductive grain (23 1) of the 
microcapsules (23 1, 23 2) consist entirely of solder metal. 

^ 3iT-The electromechanical connection as claimed i n according to claim 
20, characterized in that a 53, wherein the solder metal is selected from the group 
consisting of tin, indium, ^4galliu m is used for the electrically conductive grains (23 4). 
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Ms 327— The electromechanical connection as olaimod in claim 19 or 20, 
charactorizod in thataccording to claim S3, wherein t h e solder metAl is a soft-solder alloy 
is used for the electrically conductive grains (23 - 1) . 

52s3^The electromechanical connection as claimed in ono of olcumo 19 to -32? 
characterized in thataccording to c laim 53, wherein a solderable metal is used for the 
connection element s (11, 21) of electronic circuit syste m (10) and oubotrato (20) . 

5Ss 347-The electromechanical connection as claimed i n according to claim 2^ 
characterized in that a57. wherein th e solderable metal Js selected from the group 
consisting of copper, nickel, silver, ^^ol d io used as the ooldorablo metal for the 
oonnootion olomonto (11, 21) . 

52x QSr-The electromechanical connection as olaimod i na ccordinfr tn claim i9-, 
charaotcarigod in that 53 . wherein the electrically conductive grains (23 1) of the 
microcapsule s (23 1, 23 2) are formed from an electrically conductive metal core which 
is covered with a solder material. 

fiOj QSr-The electromechanical connection as claimod in claim 25, charactorizod in 
^according to claim 5Q. wherein the electricallv conductive metal core is comprised of 
coppe r io used oo matorial for tho oloctrically oonduotivo motal corp . 

M.27r-The electromechanical connection ao olaimod in claim 25 and/or 26, 
charactorizod in that tin io uood ao soldcar matorial fo r according to claim 59. wherein the 
covering of the cor e is comprised of tin . 

^ 28r-The elecfromechanical connection as claimod in ono of claimo 1 to 27, 
charactorizod in tliataccording to claim ^5 , wher^^n the electrically conductive grains (23- 
4fof the microcapsule s (23 1, 23 2) have a diameter of the order of magnitude of 10 ^m, 

pref e rably loos tha n about 10 ^m. 
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^ 397-The electromechanical connection ao claimod i n according to claim ¥J-, 
charactoriaod in that61. wherein the tin covering of the core has a thickness of fee-efda? 
of magnitudo o fa bout 200 nm. 

Mi30:-The electromechanical connection as cltdmod in ono of claima 1 to 18, 
charactcrizod in thataccording to claim Af^^ wherein the layers of solder which are applied 
to the connection elements (11, 21) h ave a thickness of the ordor of magnitudo of^ g^ 10 
]xm, proforably Icao than 10 fj,m. 

Mi^A method for producing flie electromechanical connection ao claimod in 
one of claims 1 to 30, charactorizod in that, afto r according to claim 35. cnmp risin|T 
compressing the microcapsules (23 1, 23 2) omboddod in an adhooivc (21) or a pol>mcr 
film hav o been introduced botwoon oloctronic circuit syotom (10) and oubstrato (20), tho 
microcapoulGD (23 1, 23 2) bot^voon the comiootion olcmonto (11, 21) of the circuit 
syotom (10) and of tho oubatrato (20) ore oomprooood under saeh-a force such t hat the 
dielectric (33-^gging on electrically conductivo^ grains (23 1) oituatod botwoon 
connoction olomonto (11, 21) ^Uch face ono anoth oi is broken open, and producing the 
soldered joint (25 to 28) in each caso betvvoon tfaoso aroas of tho grains (23 1) which faco 
the connoctiona (11, 21) and tho connootion a (11, 21) is produced b y diffusion soldering. 

^ aSr-The method as claimed i n according to claim 31, charactorizod in that 65. 
further comnrising annlvinp layers of solder metal (25, 27) oro apphod t o connection 
element s (11, 21) in a thickness which is s uch that, during a diffusion-soldering process 
bgt^voon motals of tho oloctrioally conductivo grains (23 1) or graino (23 1) in the form of 
metallized insulators and tho ooldor motal , the solder metal is completely converted into 
an intermetallic phas e (26, 28) . 
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6L3^The method as claimod in according to claim 31, characterizod in that, 
whBti utsing65. wherein the microc^sules (23 1. 23 2^ whos oh ave electrically conductive 
grains (23 I) consiGtconsisting entirely of solder metal, and connection elements (11, 21) 
which are free of solder meta l on oloctronic cu-cuit oyotom (10) and aubstrato (20) , 
^further comprising selecting a thickness of the connection elements (ll,21)io oolootod 
in ouch a way^ that sufficient material is available for ta transformation process 
during the diffiision soldering. 

Mi^The method as claimod i n according to claim 31, oharaotorizod in that, 
when using65. wherein the microcapsules (23 1,23 2) whosoh ave electrically conductive 
grains (23 1) oompriaocomprisin^ an electrically conductive metal core covered with a 
solder metal, and wherein the cnnneciinn elements (11, 21) which are free of solder metaL 
on electronic circuit system {W>-and substrate-(20), further comprising selecting the 
thickness of the connection elements (1 1, 21) a nd-ef the solder metal is seloctod in such a 
way that th e ir matorial^ ^ is sufficient^mgm^, during the diffusion soldering^ for to 
transformation process betwrpon oonnoction olomont material and cor e motal ha\ing the 
solder motd.^ 

69. The electrnmechnical con nection according to claim 62. wherein the diameter 
of the mic rocapsules is less than 1 0 fim 

70. The electroi^echanical connection accor ding to claim 64. wherein the laverc 
of solder ha ve a thickness of less than 1 0 [im 
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ABSTRACT OF THE DISCLOSURE 
In an electromechanical connection between electronic circuit systems (10) and 
substrates (20), these components are mechanically connected fixedly to one another, 
their electrical connection elements (1 1, 21) are connected to one another in an 
electrically conductive manner via microcapsules (23-1, 23-2), which comprise grains 
(23-1) which are coated with a dielectric (23-2) and, at least in part, are electrically 
conductive, and there is an electrically conductive soldered joint (25 to 28) between 
microcapsules (23-1, 23-2) with broken-open dielectric (23-2) and the electrical 
connection elements (11, 21). 
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Description 



Electromechanical connection between electronic circuit 
systems and substrates, and method for producing this 
5 connection 

The present invention relates to an electromechanical 
connection between electronic circuit systems and 
substrates in accordance with the preamble of patent 
10 claim 1 and to ar method for its production in accordance 
with patent claim 31. 

In the context of the present invention, the term 
electronic circuit systems is understood as meaning 
15 solid-state circuit systems, in particular integrated 
semiconductor circuits. Specifically, the term system 
ffl indicates, for example in an integrated semiconductor 

Circuit, the semiconductor material body which holds the 
i|3 electronic functional circuit elements, such as 

jW; 20 transistors, diodes, capacitors, etc., and the metallic 
conductor tracks and connection elements which are 
situated on this body and connecting the functional 
circuit elements. 

25 The connection elements may be flat applications of 
metal, known as pads, or spherical metallic elements, 
known as bumps. 

In the context of the present invention, the term 
30 substrates is understood as meaning circuit boards, such 
as printed circuits or printed-circuit boards. Substrates 
of this type also have connection elements of the 
abovementioned type, generally in the form of pads. 

35 It is known to produce electromechanical connections of 
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the type under discussion by means of an adhesive which 
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contains electrically conductive grains. An electro- 
mechanical connection of this type is explained below 
with reference to Fig. 1. 
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Fig, 1 diagrammatically depicts an electronic circuit 
system 10, for example an integrated semiconductor 
circuit, which is electrically and mechanically connected 
to a substrate 20, for example a printed-circuit board. 
Connection elements in the form of pads are present on 
the circuit system 10, and connection elements 21, which 
are likewise in the form of pads, are j^resent on the 
substrate 20. 

The circuit system 10 and the substrate 2 0 are connected 
to one another using the flip-chip technology in such a 
manner that the pads 11 and 21 come to lie facing one 
another, with an adhesive 24, which contains electrically 
conductive grains 22 and 23 and is indicated by dot- 
dashed lines, between them. The adhesive 24 may, for 
example, be a polymer, while the conductive grains may 
consist of silver. 

In a connection of the abovementioned type, electrically 
conductive grains, which are in this case denoted by 22, 
come to lie in the lateral spaces between the pads 11 and 
21, and conductive grains which are denoted by 23 come to 
lie in the vertical spaces between pads 11 and 21 which 
face one another. 

Pressing the circuit system 10 and substrate 20 together 
ensures that the electrically conductive grains 23 
between pads 11 and 21 which face one another come into 
electrically conductive contact with these pads, 
producing an electrical connection between circuit system 

10 and substrate 20. By contrast, the electrically 
conductive grains 22 in the lateral spaces between pads 

11 and 21 do not come into electrically conductive 
connection with the pads, so that in this respect there 
is no short-circuiting connection between pads. An 
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anisotropically conductive, in that an electrically 
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conductive connection is produced in the vertical 
direction by electrically conductive grains 22 between 
pads 11 and 21 which face one another, but is not 
produced in 
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the lateral direction by electrically conductive grains 
22 in lateral spaces between pads 11 and 21. 

To indicate that the electrically conductive grains 23 
between pads 11 and 21 which face one another can be 
deformed during compression, they are diagrammatically 
indicated in an oval shape, while the grains 22 in the 
lateral spaces between pads 11 and 21 remain undeformed 
and are therefore diagrammatically indicated in the shape 
of a circle. 

In the type of electromechanical connection described 
above, the following conditions have to be satisfied for 
reliable operation. 

Firstly, the adhesive 24, during setting and when the 
circuit system 10 and substrate 2 0 are operating, has to 
develop sufficiently high shrinkage forces to ensure 
permanent compression and therefore a reliable mechanical 
connection between circuit system 10 and substrate 11. 
However, adhesives do not generally have good properties 
in terms of adhesion and resistance to moisture, and 
consequently a connection of this type is not 
sufficiently reliable. Particularly in the event of 
fluctuating thermal loads, high shear forces may arise in 
the adhesive join, with the result that the adhesive may 
break open and, as a result, the electrical connection 
through the electrically conductive grains 23 may be 
broken. Furthermore, moisture which penetrates into the 
join may, when heated, cause entire areas of the circuit 
system 10 to break away from the substrate 20. These 
drawbacks are offset by the advantage that adhesives do 
not need to be structured. 

Secondly, the amount of electrically conductive grains 
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ensure that there is at least one electrically conductive 
grain 23 between pads 11, 21 which face one another, in 
order to guarantee an electrically conductive connection. 
On the other hand, the amount of these grains must not be 
so high that there is a risk of 
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electrical short circuits being caused by electrically 
conductive grains 22 in lateral spaces between pads 11, 
21. 

As the level of integration increases and therefore the 
electrically conductive structures become smaller, as do 
the distances between them on integrated semiconductor 
circuits and matching structures on substrates connected 
to the circuits, such as for example printed-circuit 
boards, the latter problem becomes increasingly 
important . 

To counteract this problem, it is known from ''Flip Chip 
Technologies" by John H. Lau, McGraw-Hill, 1996, pages 
289-299/ to use microcapsules which are embedded in an 
adhesive and comprise electrically conductive grains and 
a dielectric surrounding them, for example in the form of 
an insulating plastic. A microcapsule of this type 
comprising an electrically conductive grain 22-1 (or 23- 
1) and a dielectric 22-2 (or 23-2) surrounding it is 
illustrated on an enlarged scale in Fig. 2. 

In an electromechanical connection using conductive 
grains surrounded by a dielectric in an adhesive also 
requires the circuit system 10 and the substrate 20 to be 
pressed together, as shown in Fig. 1 . As a result of the 
pressure which is generated by this operation and the 
setting of the adhesive 24, the microcapsules 23-1, 23-2 
between pads 11, 21 which face one another are 
compressed, with the result that the dielectric 23-2 is 
broken open and, as a result, an electrically conductive 
connection is formed via the electrically conductive 
grains 23-1. This state of affairs is diagrammatically 
illustrated in Fig. 3 in the form of a deformed 
microcapsule 23-1, 23-2 between two pads 11, 21. 
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Although in an electromechanical connection of this type 
produced by means of microcapsules of the type described 
above the problem of lateral electric short circuits via 
microcapsules 22-1, 22-2 situated in the lateral spaces 
between pads 11, 21 is virtually eliminated, 
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the problems described above in connection with the 
adhesive remain as before. 

The present invention is based on the object of providing 
an electromechanical connection of the type under 
discussion which, even with fine electrically conductive 
structures on electronic circuit systems and substrates, 
is both mechanically and electrically stable and prevents 
electric short circuits. 

With an electromechanical connection of the generic type, 
this object is achieved, according to the invention, by 
the measures given in the characterizing part of patent 
claim 1 . 

A method for producing an electromechanical connection 
according to the invention is characterized by the 
measures given in patent claim 31. 

Refinements of the electromechanical connection according 
to the invention and of the method according to the 
invention form the subject matter of corresponding 
subclaims . 

The invention is explained in more detail below on the 
basis of exemplary embodiments in conjunction with the 
figures of the drawing, in which: 

Figures 1 to 3 show the known embodiments which have 
already been explained above, and 

Fig. 4 shows a diagrammatic illustration, corresponding 
to that shown in Fig. 1, of an electromechanical 
connection in order to explain embodiments in accordance 
with the invention. 
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The essence of the invention is to be seen as residing in 
the fact that, in addition to a compressive connection to 
produce the electrical connection between an electronic 
circuit system and a 
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substrate, a metallic solder joint is produced at least 
at the locations of the electrical connections. 

In Fig. 4, on the basis of which embodiments of the 
invention are explained, identical elements to those 
shown in Figures 1 to 3 are provided with identical 
reference symbols. 

As has already been explained with reference to Fig. 1, 
the arrangement shown in Fig. 4 is likewise an electro- 
mechanical connection between an electronic circuit 
system 10, for example an integrated semiconductor 
circuit system, and a substrate 20, for example an 
electrical printed-circuit board. Electronic circuit 
system 10 and substrate 20 once again have the connection 
elements in the form of pads 11 and 21. 

The purely mechanical connection takes place by means of 
the adhesive 24 which is indicated by dot -dashed lines, 
for example a polymer, in which, however, unlike in the 
known embodiment shown in Fig. 1, it is not purely 
metallic electrically conductive particles 22, 23, but 
rather microcapsules 22-1, 22-2, 23-1, 23-2 which are 
suitable for a soldering operation that are embedded. 
Embodiments of these microcapsules are explained in more 
detail below. 

It should be noted that the invention is not restricted 
to embodiments used with an adhesive 24 to produce the 
purely mechanical connection between electronic circuit 
system 10 and substrate 20, Embodiments in which a 
connection is produced by means of a soldering operation 
without adhesive, which is described in even more detail 
below, are also possible. This can take place by means of 
pads 11, 21 which are inactive for the intended 
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""inactivity" means that pads of this type are not 
electrically connected to electronic functional elements 
in electronic circuit system 10 or on or in substrate 20. 
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electronic operation of electric circuit system 10 and 
substrate. In this context, the term 
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A first embodiment of a soldered joint in the context of 
the invention is explained below. 

In this embodiment, the microcapsules comprise 
electrically conductive grains 22-1, 23-1 which are 
covered with a dielectric 22-2, 23-2 and may consist of a 
metal selected from the group consisting of copper, 
nickel, silver, gold, a solderable metal alloy or an 
insulator, for example tin oxide, which is covered with 
an electrically conductive metal, for example silver. The 
way in which microcapsules of the latter type can be 
produced is known, for example, from ''JOURNAL OF 
MATERIALS SCIENCE" 28 (1993), pages 5207-5210. 

The dielectric 22-2, 23-2 used may be an insulating 
enamel, which may also act as a soldering flux. 

For the soldering operation, layers of solder 25, 27, for 
which a metal selected from the group consisting of tin, 
indium, gallium, or a metal alloy with a low melting 
point may be used, are provided on the pads 11, 21 in 
order to produce the electrically conductive connection 
between electronic circuit system 10 and substrate 20. 
The layers of solder 25, 27 are preferably produced by 
selective electroless deposition on the pad surfaces, so 
that it is possible to produce sufficiently planar 
surfaces • 

In accordance with the method according to the invention, 
microcapsules 22-1, 22-2, 23-1, 23-2, which are embedded 
in the adhesive 24 or a polymer film, which is not 
specifically shown in Fig. 4, are introduced between the 
electronic circuit system 10 and the substrate 20, and 
they are compressed together under such a force that the 
dielectric 23-2 of microcapsules 23-1, 23-2 situated 
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which face one another is broken open . After the 
compression, the arrangement is heated to a temperature 
which lies above the melting point of the solder material 
of the layers of solder 25, 27. In the process, the 
molten solder comes into contact with material of the 
electrically conductive grains 23-1 of the 
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microcapsules 23-1, 23-2, and a metallic bond with good 
electrical conductivity is produced. 

Microcapsules 22-1, 22-2 in lateral spaces between pads 
11, 21 remain unaffected by the compression operation and 
therefore their dielectric 22-2 remains intact, with the 
result that lateral short circuits are prevented. 
Therefore, the electromechanical connection according to 
the invention is anisotropically conductive in the sense 
explained above. 

It is particularly advantageous if a diffusion- soldering 
method is used for the soldering. In this method, a 
metallic bond which is able to withstand high temperature 
is produced using a low-melting solder as a result of the 
solder metal forming an intermetallic phase, which is 
able to withstand high temperatures and is very 
mechanically stable, with high-melting metals which are 
to be connected. In the process, the low-melting solder 
metal is completely transformed, i.e. passes completely 
into the intermetallic phase. A soldering method of this 
type is known per se, for example from US-A 5 053 195. 

For this method, the layers of solder 25, 27 have a 
thickness of the order of magnitude of 10 /zm, preferably 
of less than 10 /xm. They consist, for example, of tin. 
The electrically conductive grains 23-1 or the metallic 
layers of grains in the form of metallized insulators, 
and if appropriate the pads 11, 21, consist, for example, 
of copper or nickel. When contact is made between the 
metal of the grains during the diffusion-soldering 
method, the tin is completely x transformed into 
intermetallic phases, which are denoted by 26, 2 8 in Fig. 
4. As has already been explained, the joint which is 
formed in the process has a significantly higher melting 
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metal and better mechanical properties, such as high 
tensile strength and freedom from creep. 

In a development of the invention, it is essential in a 
5 soldering process of this type that a single 
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layer of microcapsules is situated between the pads 11, 
21 and the pad surfaces are sufficiently planar. Then, 
all the microcapsules 23-1, 23-2 situated between pads 
11, 21 which face one another are compressed, so that 
their electrically conductive grains 23-2 or their 
electrically conductive parts come into contact with the 
solder metal . 

The single-layer structure can be produced particularly 
successfully if - as stated above - the microcapsules 22- 
1, 22-2, 23-1, 23-2 are previously embedded in a polymer 
film. The way in which films with embedded microcapsules 
of this type can be built up and produced in detail is 
known per se, for example from 1992 ^^lEEE", pages 473 to 
480 and 487 to 491. A film of this type ensures the 
lateral insulation of the microcapsules 22-1, 22-2, 23-1, 
23-2 and can act as a spacer. Shaped parts which match 
the surfaces which are to be connected can be produced. 
The adhesive 24 can then be dispensed with, if 
appropriate. 

It should be mentioned once again that the configuration 
described above is not specifically illustrated in Fig. 
4. Also, soldered joints between pads 11, 21 which are 
inactive in the sense mentioned above and microcapsules 
23-1, 23-2 without any adhesive 24 being present are not 
specifically illustrated in Fig. 4. However, in Fig. 4 it 
would be possible, for example, for the two pads 11, 21 
shown on the right-hand side of the drawing to be 
regarded as ^'inactive" pads and for the two pads 11, 21 
situated on the left-hand side of the drawing to be 
regarded as ^'active" pads. 

In a further embodiment of the invention, it is possible 
to use microcapsules 22-1, 22-2, 23-1, 23-2 which at 
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least in part consist of a solder metal. 
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According to one variant of this embodiment, the 
electrically conductive grains 22-1, 23-1 consist 
entirely of solder metal, in which case a metal selected 
from the group consisting of tin, indium, gallium or a 
soft-solder alloy can be used as solder metal. 
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in this case, a solderable metal which may be a metal 
selected from the group consisting of copper, nickel, 
silver or gold is used as material for the pads 11, 21 of 
the electronic circuit system 10 and substrate 20. 

In this embodiment too, the electrically conductive 
grains 22-1, 23-1 of the microcapsules 22-1, 22-2, 23-1, 
23-2 are surrounded by a dielectric 22-2, 23-2 in the 
form of a layer of insulating enamel. As well as its 
insulating action in the lateral direction, which has 
been explained above, this layer of insulating enamel 
additionally prevents in particular electrically 
conductive grains 22-1 in the lateral spaces between pads 
11, 21 of electronic circuit system 10 and substrate 2 0 
from flowing together when heated during the soldering 
process and therefore prevents short circuits in the 
lateral direction. 

Since the solder material of the electrically conductive 
grains 23-1, 23-2 of the microcapsules 22-1, 22-2, 23-1, 
23-2 becomes liquid during the soldering process, and 
therefore the layer of insulating enamel breaks more 
easily, the pressure required to break open this layer 
between pads 11, 21 which face one another is not as high 
as in the first embodiment of microcapsules which was 
explained above. When the solder material makes contact 
with the material of the pads 11, 21, the soldered joint 
is formed, and therefore electrical and mechanical 
contact is made. 

Since the microcapsules 22-1, 22-2 in the lateral spaces 
between pads are not compressed, their layers of 
insulating enamel 22-2 remain intact. When using an 
adhesive 24, these microcapsules are held together by 
this adhesive or when embedded in a polymer film in the 
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Therefore, in this embodiment too, the diffusion- 
soldering method explained above is particularly 
advantageous. The electrically conductive grains 22-1, 
23-1 of the microcapsules 



GR 99 P 8083 



- 11 - 



22-1, 22-2, 23-1, 23-2 may, for example, consist of tin 
and the pads 11, 21 of electronic circuit system 10 and 
substrate 20 may consist of copper or nickel. If the 
electrically conductive grains of the microcapsules have 
a diameter of less than 10 /xm, the tin is completely 
transformed into the intermetallic phase 26, 28 when 
contact is made between the solder metal and the pad 
metal. In turn, an electromechanical connection with a 
melting point which is significantly higher than that of 
the solder metal and therefore excellent mechanical 
properties, such a high tensile strength and freedom from 
creep, is formed. 

Electrically conductive grains with a small diameter of 
the order of magnitude of 10 /xm and preferably less than 
10 //m are advantageous for a number of reasons. 

Firstly, the thicker the electrically conductive grains, 
the longer the process of chemical transformation takes 
during the diffusion soldering. For example, with a 
diameter of 4 0 [im the reaction takes over half an hour. 
With diameters of less than 10 /xm, the reaction time is 
of the order of magnitude of minutes. 

Secondly, the pads 11, 21 have to be sufficiently thick 
to be able to provide sufficient metal for the 
transformation reaction. When using electrically 
conductive grains having the preferred diameters, there 
is relatively little solder metal available, so that 
correspondingly a small amount of pad metal needs to be 
available for complete transformation. 

Thirdly, small diameters of the electrically conductive 
grains are of benefit to finely structured contacts, 
which is advantageous in particular for integrated 
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Fourthly, the diameter of the electrically conductive 
grains determines the thickness of the soldered joint. 
Thin soldered joints have a better 
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fracture behavior. With a thickness of less than 5 ixvti, 
the joint has a elastic action when bent, whereas if its 
thickness is greater than 10 /im it becomes brittle, so 
that stress cracks may easily form. 

As a modification to the embodiment described above, the 
electrically conductive grains 22-1, 22-2 of the 
microcapsules 22-1, 22-2, 23-1, 23-2 may not consist 
entirely of solder metal, but rather may consist of a 
metal core which is covered with solder metal. This may, 
for example, be a copper core which is covered with a 
layer of tine solder. If the tin solder is deposited 
electrolessly in a tin exchange bath, the top layer of 
the copper core is replaced by a correspondingly thin 
layer of tin. A typical thickness of the layer of tin is 
of the order of magnitude of 2 00 nra. 

The use of electrically conductive grains of this type, 
including for use in the mechanical and electrical 
connection of objects, is known per se, for example from 
1996 ""Electronic Components and Technology Conference", 
pages 565-570, which describes an electrically conductive 
adhesive material which comprises a conductive filler 
powder, which is covered with a metal with a low melting 
point (solder metal) , a thermoplastic polymer and further 
minor organic additives. The filler grains are coated 
with the metal of a low melting point which, when 
producing a connection between objects, is melted in 
order to produce a metallurgical bond between adjacent 
filler grains and between filler grains and metallic 
connection elements on the objects which are to be 
connected. A connection of this type corresponds to the 
arrangement shown in Fig. 1. In this case too, the 
problems explained above with regard to the adhesive 
formed by the polymer and with regard to the amount of 
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As in the two embodiments explained above, electrically 
conductive grains 22-1, 22-2 of this type are covered 
with a dielectric 22-2, 23-2 in the form of a layer of 
insulating enamel. It should be noted that the fact that 
the electrically conductive grains may for their part be 
of two-part form is not specifically illustrated in 
Figures 2 to 4 . 

One advantage of electrically conductive grains 22-1, 23- 

1 in the form of metal cores which are covered with 
solder metal is that the soldering process, which is once 
again preferably in the form of the diffusion- soldering 
process, takes place very quickly and precisely, on 
account of the overall very thin layer of solder. A 
further advantage is that even in microcapsules 22-1, 22- 

2 in the lateral spaces between pads 11, 21, which are 
therefore not in contact with pads 11, 21, the solder 
reacts with the core metal and is transformed into an 
intermetallic phase. Therefore, microcapsules of this 
type, too, are firmly stable at temperatures which lie 
well above the melting point of the solder, since they 
can no longer become liquid. 

Furthermore, on account of the low thickness of the 
layers of solder of the electrically conductive grains 
and the resultant relatively small quantity of solder 
metal, the thickness of the pads 11, 21 can be reduced, 
since a correspondingly small quantity of pad material is 
required for complete transformation of the quantity of 
solder. A further reason for using layers of solder of 
small thickness is that it is no longer necessary for 
pads to be raised, since the solder of the electrical 
conductive grains can no longer "run out'' when the layer 
of insulating enamel breaks open, since the low layer 
thickness means that the solder adheres to the surface of 
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For the above reasons, in all the microcapsules 22-1, 22- 
2, 23-1, 23-2, both those in lateral spaces between pads 
11, 21 and those between pads which face one another, it 
is no longer possible for any liquid solder, which leads 
to short circuits, to form at operating temperatures of 
the arrangement. 
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Electromechanical contact with the pads 11, 21 results 
from the reaction of the solder of the electrically 
conductive grains 23-1, 23-2 with the metal of the pads 
11, 21. 

A further advantage in particular in the embodiments with 
electrical conductive grains 22-1, 23-1 comprising metal 
other than solder metal and layers of solder 25, 2 7 on 
the pads 11, 21, as well as electrically conductive 
grains comprising metal cores covered with a layer of 
solder, is that it is possible to produce particularly 
thin solder layers, which can be controlled accurately, 
during the diffusion-soldering method, in the form of 
intermetallic phases 26, 28. 

In the embodiments described above, the microcapsules 22- 
1, 22-2, 23-1, 23-2, apart from the variant involving 
embedding in a polymer film, can be processed with an 
insulating liquid, which may be the abovementioned 
adhesive 24 or a flux, to form a paste. In the case of 
the adhesive, it is possible to combine the advantages of 
an adhesive bond and of a soldered joint. This adhesive 
bond ensures additional mechanical stability, and the 
soldered joint ensures reliable electrical connection. 

To summarize, it should be pointed out once again that, 
according to the invention, it is possible to achieve a 
creep-resistant connection, since during the preferred 
diffusion soldering the solder material, as a thin layer 
on the microcapsules or the connection elements on the 
electronic circuit system and the substrate, is 
completely changed into the intermetallic phase, i.e. no 
residues of solder material remain. Furthermore, the thin 
layers of solder material ensure that the soldering 
process takes place relatively quickly. 
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Furthermore, the large quantity of microcapsules which is 
possible even with small connection element structures 
means that reliable electrical connection in combination 
with good thermal conduction and - on account of the 
mechanical soldered joint via the soldered microcapsules 
- a significantly more reliable mechanical connection 
compared to a pure adhesive bond is ensured. 

Finally, high thermal stability of electromechanical 
connection is also ensured, since the overall connection 
operation can be designed in such a way that no residues, 
such as for example insulating residues of metal oxides, 
glass or ceramic or binder, remain in the connection. 
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Patent Claims 

1. An electromechanical connection between electronic 
circuit systems (10) and substrates (2 0) , in which 
an electronic circuit system (10) and a substrate 
(2 0) are mechanically connected fixedly to one 
another, electrical connection elements (11, 21) 
which face one another on the electronic circuit 
system (10) and the substrate (20) are in each case 
connected in an electrically conductive manner by 
means of microcapsules (23-1, 23-2) , and in which 
the microcapsules (23-1, 23-2) are formed by grains 
(23-1) which are coated with a dielectric (23-2) and 
at least in part are electrically conductive, 
characterized in that the dielectric (23-2) of the 
microcapsules (23-1, 23-2) is broken open at least 
on its areas which face the electrical connection 
elements (11, 21) , and at the correspondingly 
exposed areas of the grains (23-1) an electrically 
conductive soldered joint (25 to 28) is formed in 
each case between the exposed areas of the grains 
(23-1) and the electrically conductive connection 
elements (11, 21) , which in each case face these 
areas, of the electronic circuit system (10) and of 
the substrate (20) , respectively. 

2 . The electromechanical connection as claimed in claim 
1, characterized in that the mechanically fixed 
connection between the electronic circuit system 
(10) and substrate (20) is made by means of an 
adhesive (24) . 



The electromechanical connection as claimed in 
claims 1 and 2, characterized in that the adhesive 
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(24) used is a polymer. 
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4 . The electromechanical connection as claimed in one 
of claims 1 to 3, characterized in that the micro- 
capsules (23-1, 23-2) are embedded in the adhesive 
(24). 

5. The electromechnical connection as claimed in claim 
1, 
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characterized in that the mechanically fixed 
connection between electronic circuit system (10) 
and substrate (2 0) is formed by a soldered joint 
between connection elements (11, 21) which are 
inactive in the intended electronic functioning of 
electronic circuit system (10) and substrate (20) . 

The electromechanical connection as claimed in one 
of claims 1 to 5, characterized in that electrically 
conductive metal grains (23-1) which are selected 
from the group of metals consisting of copper, 
nickel, silver, gold and are covered with a 
dielectric (23-2) are used as microcapsules (23-1, 
23-2) . 

The electromechanical connection as claimed in one 
of claims 1 to 5, characterized in that electrically 
conductive metal grains (23-1) of a solderable metal 
alloy, which are covered with a dielectric (23-2), 
are used as microcapsules (23-1, 23-2) . 

The electromechanical connection as claimed in one 
of claims 1 to 5, characterized in that metallized, 
insulating grains (23-1) which are covered with a 
dielectric (23-2) are used as microcapsules (23-1, 
23-2) . 

The electromechanical connection as claimed in claim 
8, characterized in that silver-plated tin oxide 
grains are used as metallized, insulating grains 
(23-1) . 

The electromechanical connection as claimed in one 
of claims 6 to 9, characterized in that an 
insulating enamel is used as the dielectric (23-2) 
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11. The electromechanical connection as claimed in claim 
10, 
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characterized in that a soldering flux is used as 
the insulating enamel. 

The electromechanical connection as claimed in one 
of claims 1 to 11, characterized in that the 
electrically conductive soldered joint (25 to 28) 
between connection elements (11, 21) of electronic 
circuit system (10) and substrate (20) is formed by 
soldering of layers of solder (25, 27) which are 
provided on the connection elements (11, 21) to form 
intermetallic phases (26, 28) comprising material of 
the electrically conductive grains (23-1) of the 
microcapsules (23-1, 23-2) and the layers of solder 
(25, 27) . 

The electromechanical connection as claimed in claim 
12, characterized in that a metal selected from the 
group consisting of ten, indium and gallium is used 
as the material for the layers of solders (25, 27) • 

The electromechanical connection as claimed in claim 
12, characterized in that a metal alloy with a low 
melting point is used as the material for the layers 
of solder (25, 27) . 

The electromechanical connection as claimed in claim 
13 or 14, characterized in that the layers of solder 
(25, 27) are layers of tin which have been deposited 
selectively and without using electric current. 

The electromechanical connection as claimed in one 
of claims 1 to 15, characterized in that a metallic 
material which is matched to the metallic material 
of the conductive grains (23-1) of the microcapsules 
(23-1, 23-2) is used as material for 



GR 99 P 8083 



- 18a - 



the connection elements (11, 21) of electronic 
circuit system (10) and substrate (20) . 



17. The electromechanical connection as claimed in claim 
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characterized in that copper or nickel is used as 
material for the connection elements (11, 21) . 

18. The electromechanical connection as claimed in one 
of claims 1 to 17, characterized in that a single 
layer of microcapsules (23-1, 23-2) of uniform size 
embedded in a polymer film are provided. 

19. The electromechanical connection as claimed in one 
of claims 1 to 5, characterized in that electrically 
conductive metal grains (23-1) which are covered 
with an insulating enamel (23-2) and at least in 
part consist of a solder metal are used as 
microcapsules (23-1, 23-2) . 

20. The electromechanical connection as claimed in claim 
19, characterized in that the electrically 
conductive grain (23-1) of the microcapsules (23-1, 
23-2) consist entirely of solder metal. 

21. The electromechanical connection as claimed in claim 
19 or 20, characterized in that a solder metal 
selected from the group consisting of tin, indium, 
gallium is used for the electrically conductive 
grains (23-1) . 

22. The electromechanical connection as claimed in claim 
19 or 20, characterized in that a soft -solder alloy 
is used for the electrically conductive grains (23- 
1) • 

23. The electromechanical connection as claimed in one 
of claims 19 to 22, characterized in that a 
solderable metal is used for the connection elements 
(11, 21) of electronic circuit system (10) and 
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substrate (20) . 
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The electromechanical connection as claimed in claim 
23, characterized in that a metal selected from the 
group consisting of copper, nickel, silver, gold is 
used as the solderable metal for the connection 
elements (11, 21) . 

The electromechanical connection as claimed in claim 
19, characterized in that the electrically- 
conductive grains (23-1) of the microcapsules (23-1, 
23-2) are formed from an electrically conductive 
metal core which is covered with a solder material. 

The electromechanical connection as claimed in claim 
25, characterized in that copper is used as material 
for the electrically conductive metal core. 

The electromechanical connection as claimed in claim 
25 and/or 26, characterized in that tin is used as 
solder material for the covering of the core. 

The electromechanical connection as claimed in one 
of claims 1 to 27, characterized in that the 
electrically conductive grains (23-1) of the 
microcapsules (23-1, 23-2) have a diameter of the 
order of magnitude of 10 /xm, preferably less than 10 
/xm. 

The electromechanical connection as claimed in claim 
27, characterized in that the tin covering of the 
core has a thickness of the order of magnitude of 
200 nm. 

The electromechanical connection as claimed in one 
of claims 1 to 18, characterized in that the 
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layers of solder which are applied to the connection 
elements (11, 21) have a thickness of the order of 
magnitude of 10 [xm, preferably less than 10 fxia. 
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31. A method for producing the electromechanical 
connection as claimed in one of claims 1 to 30, 
characterized in that, after microcapsules (23-1, 
23-2) embedded in an adhesive (24) or a polymer film 
have been introduced between electronic circuit 
system (10) and substrate (20) , the microcapsules 
(23-1, 23-2) between the connection elements (11, 
21) of the circuit system (10) and of the substrate 
(2 0) are compressed under such a force that the 
dielectric (23-2) on electrically conductive grains 
(23-1) situated between connection elements (11, 21) 
which face one another is broken open, and the 
soldered joint (25 to 28) in each case between those 
areas of the grains (23-1) which face the 
connections (11, 21) and the connections (11, 21) is 
produced by diffusion soldering. 

32. The method as claimed in claim 31, characterized in 
that layers of solder metal (25, 27) are applied to 
connection elements (11, 21) in a thickness which is 
such that, during a diffusion-soldering process 
between metals of the electrically conductive grains 
(23-1) or grains (23-1) in the form of metallized 
insulators and the solder metal, the solder metal is 
completely converted into an intermetallic phase 
(26, 28) . 

33. The method as claimed in claim 31, characterized in 
that, when using microcapsules (23-1, 23-2) whose 
electrically conductive grains (23-1) consist 
entirely of solder metal, and connection elements 
(11, 21) which are free of solder metal on 
electronic circuit system (10) and substrate (20) , 
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the thickness of the connection elements (11, 21) is 
selected in such a way that sufficient 
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material is available for the transformation process 
during the diffusion soldering. 

34, The method as claimed in claim 31, characterized in 
that, when using microcapsules (23-1, 23-2) whose 
electrically conductive grains (23-1) comprise an 
electrically conductive metal core covered with a 
solder metal, and connection elements (11, 21) which 
are free of solder metal on electronic circuit 
system (10) and substrate (20) , the thickness of the 
connection elements (11, 21) and of the solder metal 
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Abstract 

Electromechanical connection between electronic switching 
systems and substrates, and method for producing this 
connection 

In an electromechanical connection between electronic 
circuit systems (10) and substrates (20), these 
components are mechanically connected fixedly to one 
another, their electrical connection elements (11, 21) 
are connected to one another in an electrically 
conductive manner via microcapsules (23-1, 23-2), which 
comprise grains (23-1) which are coated with a dielectric 
(23-2) and, at least in part, are electrically 
conductive, and there is an electrically conductive 
soldered joint (25 to 28) between microcapsules (23-1, 
23-2) with broken-open dielectric (23-2) and the 
electrical connection elements (11, 21) , 



Figure 4 
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TO ALL WHOM IT MAY CONCERN: 

Be it known that WE, Holger Huebner and Vaidyanathan Kripesh, citizens of 
Germany and India respectively, residing in Germany and India respectively, whose post 
office addresses are Hamsterweg 10, 85598 Baldham, Germany; and L-5/E Sarvamangala 
Colon, Ind-Chemiai 600083, AshokNagar, India, re^ectively, have invented an 
improvement in: 

ELECTROMECHANICAL CONNECTION BETWEEN 
ELECTRONIC CIRCUIT SYSTEMS AND SUBSTRATES, 
AND METHOD FOR PRODUCING THIS CONNECTION 

of which the following is a 

SUBSTITUTE SPECIFICATION 

FIELD OF THE INVENTION 
[0001] The present invention relates to an electromechanical connection between 
electronic circuit systems and substrates and to a method for its production. 

BACKGROUND OF THE INVENTION 
[0002] In the context of the present invention the term electronic circuit systems is 
understood as meaning solid-state circuit systems, in particular integrated semiconductor 
circuits. Specifically, the term system indicates, for example in an integrated 
semiconductor circuit, the semiconductor material body which holds the electronic 
functional circxiit elements, such as transistors, diodes, capacitors, etc., and the metallic 
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conductor tracks and connection elements which are situated on this body and connecting 
the functional circuit elements. The connection elements may be flat applications of 
metal, known as pads, or spherical metaUic elements, known as bumps. Further, in the 
context of the present invention, the term substrates is understood as meaning circuit 
boards, such as printed circuits or printed-circuit boards. Substrates of this type also have 
connection elements of the above-mentioned type, generally in the form of pads. 

[0003] It is known to produce electromechanical connections of the type under 
discussion by means of an adhesive which contains electrically conductive grains. An 
electromechanical connection of this type is described below with reference to Figure 1, 
which diagrammatically depicts an electronic circuit system 10, e.g., an integrated 
semiconductor circuit, which is electrically and mechanically connected to a substrate 20, 
such as a printed-circuit board. Connection elements in the form of pads are present on 
the circuit system 10, and connection elements 21 which are also in the form of pads are 
present on the substrate 20. The circuit system 10 and the substrate 20 are connected to 
one another using the Flip-Chip Technology in such a manner that the pads 1 1 and 21 
come to Ue facing one another, with an adhesive 24, which contains electrically 
conductive grains 22 and 23 and is indicated by dot-dashed lines between them. The 
adhesive 24 may be a polymer, and the conductive grains may consist of silver. 

[00041 In a connection of the above-mentioned type, the electrically conductive grains 
come to lie in the lateral spaces between the pads 1 1 and 21, and conductive grains by 23 
come to Ue in the vertical spaces between pads 1 1 and 21 which face one another. 
Pressing the circuit system 10 and substrate 20 together ensures that the electrically 
conductive grains 23 between pads 1 1 and 21 which face one another come into 
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electrically conductive contact with these pads, thus producing an electrical connection 
between circuit system 10 and substrate 20. The electrically conductive grains 22 in the 
lateral spaces between pads 1 1 and 21 do not come into electrically conductive 
connection with the pads, hence there is no short-circuiting connection between pads. An 
electrical connection of the type described is anisotropically conductive in that an 
electrically conductive connection is produced in the vertical direction by electrically 
conductive grains 23 between pads 1 1 and 21 which face one another, but is not produced 
in the lateral direction by electrically conductive grains 22 in lateral spaces between pads 
11 and 21. 

[0005] To indicate that the electiically conductive grains 23 between pads 1 1 and 21 
which face one another can be deformed during compression, they are diagranmiatically 
indicated in an oval shape. The grains 22 in the lateral spaces between pads 1 1 and 21 
remain undeformed and are therefore diagrammatically indicated in the shape of a circle. 

[0006] In the type of electiromechanical connection described above, certain conditions 
have to be satisfied for reUable operation. First, during setting and while the circuit 
system 10 and substrate 20 are operating, the adhesive 24 has to develop sufficiently high 
shrinkage forces to ensure permanent compression, in order to provide a reUable 
mechanical connection between circuit system 10 and substrate 11. However, adhesives 
do not generally have good properties in terms of adhesion and resistance to moistijre, 
and consequently a connection of this type is not sufficientiy reliable. Particularly in the 
event of fluctuating thermal loads, high shear forces may arise in the adhesive joint, with 
the result that flie adhesive may break open and the electiical connection through the 
electrically conductive grains 23 may be broken. Furthermore, moisture which may 
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penetrate into the joint, when heated, may cause entire areas of the circuit system 10 to 
break away from the substrate 20. These drawbacks may be offset by adhesives that do 
not need to be structured. 

[0007] Second, the amount of electrically conductive grains 22, 23 in the adhesive 24 
must be sufficiently large to ensure that there is at least one electrically conductive grain 
23 between pads 11,21 which face one another, in order to guarantee an electrically 
conductive connection. On the other hand, the amount of these grains must not be so 
high that there is a risk of electrical short circuits being caused by electrically conductive 
grains 22 in lateral spaces between pads 11,21. This problem assumes greater 
importance as the level of integration increases and the electrically conductive structures 
become smaller, as do the distances between them on integrated semiconductor circuits 
and matching structures on substrates connected to the circuits, such as for example 
printed-circuit boards. 

[0008] To counteract this problem, it is known from "Flip Chip Technologies" by 
John H. Lau, McGraw-Hill, 1996, pages 289-299, to use microcapsules which are 
embedded in an adhesive and comprise electrically conductive grains and a dielectric 
surrounding them, for example in the form of an insulating plastic. A microcapsule of 
this type comprising an electrically conductive grain 22-1 (or 23-1) and a dielectric 22-2 
(or 23-2) surrounding it is illustrated on an enlarged scale in Figure 2. 

[0009] In an electromechanical connection using conductive grains surrounded by a 
dielectric in an adhesive also requires the circuit system 10 and the substrate 20 to be 
pressed together, as shown in Figure 1 . As a result of the pressure which is generated by 
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this operation and the setting of the adhesive 24, the microcapsules 23-1, 23-2 between 
pads 11,21 which face one another are compressed. This results in the dielectric 23-2 
being broken open and an electrically conductive connection is formed via the electrically 
conductive grains 23-1. This state of affairs is illustrated in Figure 3 in the form of a 
deformed microcapsule 23-1, 23-2 between two pads 11,21. Although in an 
electromechanical connection of the type produced by means of microcapsules described 
above the problem of lateral electric short circuits via microcapsules 22-1, 22-2 situated 
in the lateral spaces between pads 1 1, 21 is virtually eliminated, the problems described 
above in connection with the adhesive remain as before. 

SUMMARY OF THE INVENTION 
[0010] The present invention provides an electromechanical connection which is both 
mechanically and electrically stable and prevents electric short circuits even with fine 
electrically conductive structures on electronic circuit systems and substrates. 
Specifically, an electromechanical connection is formed between electronic circuit 
systems and substrates which are mechanically connected. The electrical connection 
elements which face one another on the electronic circuit system and substrate are 
connected in an electronically conductive manner by means of microcapsules which are 
in the form of grains coated with a dielectric which is broken open on its areas which face 
the electrical connection elements. At the exposed areas of the grains an electrically 
conductive soldered joint is formed between the exposed areas of the grains and the 
electrically conductive connection elements which face these areas. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] The present invention is described in greater detail below in connection with the 
drawings, in which: 

Figures 1 to 3 illustrate known features of the invention which have been 
described hereinabove; and 

Figure 4 illustrates an electromechanical connection corresponding to that shown 
in Figure 1 but which embodiment is in accordance with the present invention. 

DETAILED DESCRPTION OF THE INVENTION 
[0012] In accordance with the present invention, a metalUc solder joint is produced at 
least at the locations of the electrical connections, in addition to a compressive 
connection to produce the electrical connection between an electronic circuit system and 
a substrate. 

[0013] Li Figure 4, identical elements to those shown in Figures 1 to 3 are provided with 
identical reference symbols. As explained m connection with Figure 1, Figure 4 
illustrates an electromechanical coimection between an electronic circuit system 10 
(for example an integrated semiconductor circuit system), and a substrate 20 (for example 
an electrical printed-circuit board). Electronic circuit system 10 aud substrate 20 also 
have the coimection elements in the form of pads 1 1 and 21. 

[0014] A purely mechanical connection occurs by means of the adhesive 24 which is 
indicated by dot-dashed lines, for example a polymer. However, unlike the known 
embodiment shown in Figure 1, it is not purely metallic electrically conductive particles 
22, 23, but rather microcapsules 22-1, 22-2, 23-1, 23-2 which are suitable for a soldering 
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operation that are embedded. Embodiments of these microcapsules are explained in more 
detail below. 

10015] It should be noted that the invention is not restricted to embodiments used with an 
adhesive 24 to produce the purely mechanical connection between electronic circuit 
system 10 and substrate 20. Embodiments in which a connection is produced by means 
of a soldering operation without adhesive, which is described in even more detail below, 
are also possible. This can take place by means of pads 11,21 which are inactive for the 
mtended electronic operation of electric circuit system 10 and substrate. In this context, 
the term "inactivity" means that pads of this type are not electrically connected to 
electronic fimctional elements in electronic circuit sj^tem 10 or on or in substrate 20. 

[0016] In one embodiment of a soldered joint in the context of the present invention, the 
microcapsules comprise electrically conductive grains 22-1, 23-1 which are covered with 
a dielectric 22-2, 23-2 and may consist of a metal selected from the group consisting of 
copper, nickel, silver, gold, a solderable metal alloy or an insulator, for example tin 
oxide, which is covered with an electrically conductive metal, e.g., silver. The way in 
which microcapsules can be produced is known, for example, from "JOURNAL OF 
MATERIALS SCIENCE" 28 (1993), pages 5207-5210 which is incorporated herein by 
reference. The dielectric 22-2, 23-2 used may be an insulating enamel, which may also 
act as a soldering flux. 

[0017] For the soldering operation, layers of solder 25, 27, for which a metal selected 
from the group consisting of tin, indium, galUum, or a metal alloy with a low melting 
point may be used, are provided on the pads 11, 21 in order to produce the electrically 
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conductive connection between electronic circuit system 10 and substrate 20. The layers 
of solder 25, 27 are preferably produced by selective electroless deposition on the pad 
surfaces, so that it is possible to produce sufficiently planar surfaces. 

[0018] In accordance with the method according to the present invention, microcapsules 
22-1, 22-2, 23-1, 23-2, which are embedded in the adhesive 24 or a polymer film, which 
is not specifically shown in Figure 4, are introduced between the electronic circuit system 
10 and the substrate 20. They are then compressed together under such a force that the 
dielectric 23-2 of microcapsules 23-1, 23-2 situated between pads 11, 21 which face one 
another is broken open. After compression, the arrangement is heated to a temperature 
which is above the melting point of the solder material of the layers of solder 25, 27. In 
the process the molten solder comes into contact with material of the electrically 
conductive grains 23-1 of the microcapsules 23-1, 23-2 and a metallic bond having good 
electrical conductivity is produced. 

[00191 Microcapsules 22-1, 22—2 in lateral spaces between pads 11,21 remain 
unaflFected by the compression operation and therefore their dielectric 22-2 remains 
intact. The result ofthis is that lateral short circuits are prevented. Therefore, the 
electromechanical connection according to the invention is anisotropically conductive in 
the sense explained above. 

[00201 It is particularly preferred if a diffusion-soldering method is used for the 
soldering. In this method, a metallic bond which is able to withstand high temperature is 
produced using a low-melting solder as a result of the solder metal forming an 
intermetaUic phase which is able to withstand high temperatures and is very mechanically 
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stable, with high-melting metals which are to be connected. In the process, the low- 
melting solder metal is completely transformed, i.e. passes completely into the 
intennetallic phase. A soldering method of this type is disclosed in United States Patent 
No. 5,053,195, wherein the layers of solder 25, 27 have a thickness of the order of 
magnitude of about 10 p,m, preferably of less than about 10 |im, and consist, for example, 
of tin. The electrically conductive grains 23-1 or the metallic layers of grains in the form 
of metallized insulators, and if appropriate the pads 1 1, 21, consist, e.g., of copper or 
nickel. When contact is made between the metal of the grains during the diffusion- 
soldering method, the tin is completely tiransformed into intermetallic phases, which are 
denoted by 26, 28 in Figure 4. As has been explained above, the jomt which is formed in 
the process has a significantiy higher melting point than the solder metal and better 
mechanical properties, such as high tensile sti-ength and freedom from creep. It is 
important in a soldering process of this type that a single layer of microcq)sules is 
situated between the pads 1 1, 21 and the pad surfaces are sufficiently planar. Then, all 
the microcJ5>sul^ 23-1, 23-2 sitiiated between pads 1 1, 21 which face one anotiier are 
compressed, so tiiat their electiically conductive grains 23-2 or their electrically 
conductive parts come into contact with the solder metal. 

[0021] A single-layer stiiictiire can be produced particularly successftiUy if the 
microcapsules 22-1, 22-2, 23-1, 23-2 are previously embedded in a polymer fihn. The 
manner in which fihns with embedded microcapsiiles of this type can be built up and 
produced is taught in 1992 "IEEE", pages 473 to 480 and 487 to 491. A film of this type 
ensures the lateral insulation of the microcapsules 22-1, 22-2, 23-1, 23-2 and can act as a 
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spacer. Shaped parts which match the surfaces which are to be connected can be 
produced. The adhesive 24 can then be dispensed with, if appropriate. 

[0022] It should be mentioned once again that the configuration described above is not 
specifically illustrated in Figure 4. Also, soldered joints between pads 11,21 which are 
inactive in the sense mentioned above and microcapsules 23-1, 23-2 without any 
adhesive 24 being present are not specifically illustrated in Figure 4, However, in 
Figure 4 it would be possible, for example, for the two pads 11,21 shown on the right- 
hand side of the drawing to be regarded as "inactive" pads and for the two pads 11,21 
situated on the left-hand side of the drawing to be regarded as "active" pads. 

[0023] In a fiuther preferred embodiment of the present invention, it is possible to use 
microcapsules 22-1, 22-2, 23-1, 23-2 which at least in part consist of a solder metal 
According to a variant of this embodiment, the electrically conductive grains 22-1, 23-1 
consist entirely of solder metal, in which case a metal selected fi-om the group consisting 
of tin, indium, gallium or a soft-solder alloy can be used as solder metal. In this case, a 
solderable metal which may be a metal selected fi-om the group consisting of copper, 
nickel, silver or gold is used as material for the pads 1 1, 21 of the electronic circuit 
system 10 and substrate 20. Also in this embodiment, the electrically conductive grains 
22-1, 23-1 of the microcapsules 22-1, 22-2, 23-1, 23-2 are surrounded by a dielectric 22- 
2, 23-2 in the form of a layer of insulating enamel. This layer of insulating enamel 
additionally prevents in particular electrically conductive grains 22-1 in the lateral spaces 
between pads 1 1, 21 of electronic circuit system 10 and substrate 20 from flowing 
together when heated during the soldering process and therefore prevents short circuits in 
the lateral direction. 
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[0024] Since the solder material of the electoically conductive grains 23-1, 23-2 of the 
microcapsules 22-1, 22-2, 23-1, 23-2 becomes liquid during the soldering process, and 
therefore the layer of insulating enamel breaks more easily, the pressure required to break 
open this layer between pads 11,21 which face one another is not as high as in the first 
embodiment of microcapsules. When the solder material makes contact with the material 
of the pads 11, 21, the soldered joint is formed, and therefore electrical and mechanical 
contact is made. 

[0025] Since the microcapsules 22-1, 22-2 in the lateral spaces between pads are not 
compressed, their layers of insulating enamel 22-2 remain intact. When using an 
adhesive 24, these microcapsules are held together either by the adhesive, or when 
embedded in a polymer fihn, and cannot flow out. Therefore, in this embodiment, the 
diffusion-soldering method explained above is particularly advantageous. The 
electrically conductive grains 22-1, 23-1 of the microcapsules 22-1, 22-2, 23-1, 23-2 
may, for example, consist of tin and the pads 1 1, 21 of electronic circuit system 10 and 
substrate 20 may consist of copper or nickel. If the electrically conductive grains of the 
microcapsules have a diameter of less than 10 jim, the tin is completely transformed into 
the intermetaUic phase 26, 28 when contact is made between the solder metal and the pad 
metal. In turn, an electromechanical connection with a melting point which is 
significantly higher than that of the solder metal, and therefore excellent mechanical 
properties, such a high tensile strength and fi'eedom from creep is formed. 

[0026] Electrically conductive grains with a small diameter of the order of magnitude of 
10 |Lim and preferably less than 10 ^im are advantageous for a number of reasons. First, 
the thicker the electrically conductive grains the longer the process of chemical 
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transformation takes during the diffusion soldering. For example, with a diameter of 
about 40 ^im the reaction takes over half an hour. With diameters of less than about 
10 [im the reaction time is of the order of magnitude of minutes. Second, the pads 11,21 
have to be sufficiently thick to be able to provide sufficient metal for the transformation 
reaction. When using electrically conductive grains having the preferred diameters there 
is relatively little solder metal available so that a correspondingly small amount of pad 
metal needs to be available for complete transformation. Third, small diameters of the 
electrically conductive grains are of benefit to finely structured contacts which are 
advantageous in particular for integrated semiconductor circuits with a high level of 
integration. Fourth, the diameter of the electrically conductive grains determines the 
thickness of the soldered joint. Thin solderedjoints have a better fracture behavior. With 
a thickness of less than about 5 ^im the joint has an elastic action when bent, whereas if 
its thickness is greater than about 10 jixm it becomes brittle, so that stress cracks may 
easily form. 

[0027] In a modification of the embodiment described above, the electrically conductive 
grains 22-1, 22-2 of the microcapsules 22-1, 22-2, 23-1, 23-2 may not consist entirely of 
solder metal, but rather may consist of a metal core which is covered with solder metal. 
This may, for example, be a copper core which is covered with a layer of tin solder. If 
the tin solder is deposited electrolessly in a tin exchange bath, the top layer of the copper 
core is replaced by a correspondingly thin layer of tin. A typical thickness of the layer of 
tin is of the order of magnitude of about 200 nm. 

[0028] The use of electrically conductive grains of this type, including their use in the 
mechanical and electrical connection of objects, is disclosed in 1996 "Electronic 
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Components and Technology Conference", pages 565-570 which describes an electrically 
conductive adhesive material which comprises a conductive filler powder which is 
covered with a metal with a low melting point (solder metal), a thermoplastic polymer, 
and further minor organic additives. The filler grains are coated with the metal of a low 
melting point which, when producing a connection between objects, is melted in order to 
produce a metallurgical bond between adjacent filler grains and between filler grains and 
metallic connection elements on the objects which are to be connected. A connection of 
this type corresponds to the arrangement shown in Figure 1. In this case, however, the 
problems explained above with regard to the adhesive formed by the polymer and with 
regard to the amount of electrically conductive grains used may be encoimtered. 

[0029] Li the two embodiments discussed above, electrically conductive grains 22-1, 
22-2 are covered with a dielectric 22-2, 23-2 in the form of a layer of insulating enamel. 
It should be noted that the fact that the electrically conductive grains may for their part be 
of two-part form is not specifically illustrated in Figures 2 to 4. 

[0030] One advantage of electrically conductive grains 22-1, 23-1 in the form of metal 
cores which are covered with solder metal is that the soldering process, which is once 
again preferably in the form of the diffusion-soldering process, takes place very quickly 
and precisely on account of the overall very thin layer of solder, A further advantage is 
that even in microcapsules 22-1, 22-2 in the lateral spaces between pads 11,21, which are 
therefore not in contact with pads 1 1 , 21 , the solder reacts with the core metal and is 
transformed into an intermetallic phase. Therefore, microcapsules of this type are firmly 
stable at temperatures which Ue well above the melting point of the solder, since they can 
no longer become liquid. 
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[0031] Furthermore, on account of the low thickness of the layers of solder of the 
electrically conductive grains and the resultant relatively small quantity of solder metal, 
the tiiickness of the pads 1 1, 21 can be reduced since a correspondingly small quantity of 
pad material is reqmred for complete transformation of the quantity of solder. A further 
reason for using layers of solder of small thickness is that it is not necessary for the pads 
to be raised since the solder of the electrical conductive grains cannot "run out" when the 
layer of insulating enamel breaks open since the low layer thickness means that the solder 
adheres to the surface of the metal core, providing good wetting of the latter. 
Accordingly, in all the microcapsules 22-1, 22-2, 23-1, 23-2, both those in lateral spaces 
between pads 1 1, 21 and those between pads which face one another, it is no longer 
possible for any Uquid solder, which leads to short circuits, to form at operating 
temperatures of the arrangement. Hence electromechanical contact with the pads 11,21 
results from the reaction of the solder of the electrically conductive grains 23-1, 23-2 
with the metal of the pads 1 1, 21. 

[0032J A further advantage in the embodiments with electrical conductive grains 22-1, 
23-1 comprising metal other than solder metal and layers of solder 25, 27 on the pads 1 1, 
21, as well as electrically conductive grains comprising metal cores covered with a layer 
of solder, is that it is possible to produce particularly thin solder layers, which can be 
controlled accurately, during the diffusion-soldering method, in the form of intermetalUc 
phases 26, 28. 

[0033] In the embodiments described above, the microcapsules 22-1, 22-2, 23-1, 23-2 
(^art from the variant involving the embedding in a polymer fihn) can be processed with 
an insulating liquid which may be the above-mentioned adhesive 24 or a flux to form a 
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paste. In the case of the adhesive it is possible to combine the advantages of an adhesive 
bond and of a soldered joint. This adhesive bond ensxires additional mechanical stability, 
and the soldered joint ensures reliable electrical connection. 

[0034] To summarize, according to the present invention it is possible to achieve a creep- 
resistant connection, since during the preferred diffusion soldering the solder material 
(as a thin layer on the microcapsules or the connection elements on the electronic circuit 
system and the substrate) is completely changed into the intermetallic phase, i.e. no 
residues of solder material remain. The thin layers of solder material ensure that the 
soldering process takes place relatively quickly. Furthermore, the large quantity of 
microcapsules which is possible even with small connection element structures means 
that reliable electrical connection in combination with good thermal conduction and 
(on account of the mechanical soldered joint via the soldered microcapsules) a 
significantly more rehable mechanical connection compared to a pure adhesive bond is 
ensured. Finally, high thermal stability of electromechanical connection is also ensured 
since the overall connection operation can be designed in such a way that no residues, 
such as for example insulating residues of metal oxides, glass or ceramic or binder, 
remain in the connection. 
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ABSTRACT OF THE DISCLOSURE 
In an electromechanical connection between electronic circuit systems (10) and 
substrates (20), these components are mechanically connected fixedly to one another, 
their electrical connection elements (11, 21) are connected to one another in an 
electrically conductive manner via microcapsules (23-1, 23-2), which comprise grains 
(23-1) which are coated with a dielectric (23-2) and, at least in part, are electrically 
conductive, and there is an electrically conductive soldered joint (25 to 28) between 
microcapsules (23-1, 23-2) with broken-open dielectric (23-2) and the electrical 
connection elements (1 1, 21). 
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^jP^aration and Power of Attorney For Patent Application 
rMSrung Fur Patentanmeldungen Mit Vollmacht 

u,„ ^ German Language Declaration 

MAY 1 sm 



id benannter Erfinder erklare ich hlermit 



Als rfe 
an Eides Statt: 



dass mein Wohnsitz, meine Postanschrlft, und meine 
Staatsangehdrigkelt den im Nachstehenden nach 
meinem Namen aufgefuhrten Angaben entsprechen, 



dass ich, nach bestem Wissen der ursprungliche, erste 
und alleinige Erfinder (falls nachstehend nur ein Nanne 
angegeben ist) oder ein ursprunglicher, erster und 
Miterfinder (falls nachstehend mehrere Namen 
aufgefuhrt sind) des Gegenstandes bin, fur den dieser 
Antrag gestellt wird und fur den ein Patent beantragt 
wird fQr die Erfindung mit dem Titel: 



Elektrisch-mechanische 
zwischen 



Verbindung 
elektronischen 



Schaltungssvstemen und Substraten. 
sowie Verfahren zu deren Herstellung 



dereh Beschreibung 

(zutreffendes ankreuzen) 

□ hier beigefugt Ist. 

lEI am 19.06.2000 als 

PCT Intematlonale Anmeldung 

PCT Anmeldungsnummer PCT/DE00/02Q12 

eingereicht wurde und am 

abgeSndert wurde (fells tatsachllch abgeSndeil). 



Ich bestatige hiermit, dass ich den Inhalt der obigen 
Patentanmeldung einschliesslich der Anspruche 
durchgesehen und verstanden habe, die eventuell 
durch einen Zusatzantrag wie oben erwahnt abgean- 
dert wurde. 



Ich erkenne meine Pflicht zur Offenbarung irgendwel- 
cher Informationen, die fQr die Prufung der vorliegen- 
den Anmeldung In EInklang mit Absatz 37, Bundes- 
gesetzbuch, Paragraph 1.56(a) von Wichtigkeit sind, 
an. 



Ich beanspruche hiermrt auslSndische Prioritatsvorteile 
gemass Abschnitt 35 der Zivllprozessordnung der 
Verelnigten Staaten, Paragraph 119 aller unten ange- 
gebenen Auslandsanmeldungen fur ein Patent oder 
eine Erfmdersurkunde, und habe auch alle Auslands- 
anmeldungen fQr ein Patent oder eine Erfindersurkun- 
de nachstehend gekennzeichnet, die ein Anmelde- 
datum haben, das vor dem Anmeldedatum der 
Anmeldung liegt, fQr die Prioritat beansprucht wird. 



As a below named inventor, I hereby declare that 



My residence, post office address and citizenship are 
as stated below next to my name, 



( believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the Invention entitled 



Electrical-mechanical 



connection 



between electronic circuit systems and 
substrates and method for the production 
thereof 

the specification of which 

(check one) 

□ is attached hereto. 

13 was filed on 19.06.2000 as 

PCT international application 

PCT Application No. PCT/DE00/02D12 

and was amended on 

(if applicable) 



I hereby state that 1 have reviewed and understand the 
contents of the above identified specification, including 
the claims as amended by any amendment referred to 
above. 



I acknowledge the duty to disclose information which is 
material to the examination of this application in 
accordance with Title 37, Code of Federal Regulations, 
§1.56(3). 



I hereby daim foreign priority benefrts under Title 36, 
United States Code, §119 of any foreign applfcatlon(s) 
for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent 
or inventor's certificate having a filing date before that 
of the application on which priority is claimed; 
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Prior foreign appplications 
Prioritat beansprucht 



Priority Claimed 



19930189.1 

(Number) 
(Nummer) 



(Number) 
(Nummer) 



(Number) 
(Nummer) 



DE 

(Country) 
(Land) 



(Country) 
(Land) 



(Country) 
(Land) 



30.06.1999 

(Day Month Year Filed) 

(Tag IVIonat Jahr eingereiciit) 



(Day Month Year Filed) 
(Tag Monat Jahr elngereicht) 



(Day Month Year Filed) 
(Tag Monat Jahr eingerelcht) 



Yes 
Ja 



□ 

Yes 
Ja 



□ 

Yes 

Ja 



□ 
No 
Nein 



□ 
No 
Nein 



□ 
No 
Nein 



Ich beanspruche hiermrt gemass Absatz 35 der Zivii- 
prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefQhrten Anmel- 
dungen und fails der Gegenstand aus jedem Anspruch 
dieser Anmeidung nicht in einer frQheren 
amerikanisohen Patentanmeldung laut dem ersten 
Paragraphen des Absatzes 36 der ZivilprozeSordnung 
der Vereinigten Staaten, Paragraph 122 offenbart ist, 
erkenne ich gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1.56(a) meine Pflicht zur Offenbarung von 
Informationen an, die zwischen dem Anmeldedatum 
der fruheren Anmeidung und dem nationalen oder PCT 
internatlonalen Anmeldedatum dieser Anmeidung 
bekannt geworden sind. 



I hereby claim the benefit under Title 35. United States 
Code. §120 of any United States application(s) listed 
beiow and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior 
United States application in the manner provided by 
the first paragraph of Title 35, United States Code, 
§122, I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, §1. 56(a) which occured between the filing 
date of the prior application and the national or PCT 
international filing date of this application. 



PCT/DEOQ/02012 
(Application Serial No.) 
(^meldeseriennummer) 



(Application Serial No.) 
(Anmeldeseriennummer) 



19.06.2000 
(Filing Date D. M. Y) 
(Anmeldedatum T. M, J) 



(FflingDateDMY) 
(Anmeldedatum T, M; J) 



anhangig 

(Status) 

(patentiert, anhangig, 
aufgegeben) 



(Status) 

(patentiert, anhangig, 
aufgeben) 



pending 

(Status) 

(patented, pending, 
abandoned) 



(Status) 

(patented, pending, 
abandoned) 



ich erkiare hiennit, dass alle von mir In der vorilegen- 
den ErklSrung gemachten Angaben nach meinem 
besten WIssen und Gewissen der vollen Wahrheit 
entsprechen, und dass ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsatzlich falsche Angaben gemass Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt und/oder 
Gefangnis bestrafi: werden koennen, und dass derari:ig 
wissentlich und vorsatzlich falsche Angaben die GQI- 
tigkeit der voriiegenden Patentanmeldung oder eines 
darauf erteilten Patentes gefahrden konnen. 



I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made 
on information and belief are believed to be true, and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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VERTRETUNGSVOLLMACHT: Als benannter Erfinder 
beauftrage ich hiermlt den nachstehend benannten 
Patentanwalt (oder die nachstehend benannten 
Patentanwalte) und/oder Patent-Agenten mit der 
Verfoigung der vorliegenden Patentanmeldung sowie 
nnit der Abwicklung aller damit verbundenen Geschafte 
vor dem Patent- und Warenzeichenamt: (Name and 
Registrationsnummer anfQhren) 



POWER OF ATTORNEY: As a named inventor, ( 
hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all 
business in the Patent and Trademark Office 
connected therewith, (fist name and registration 
number) 



Customer No. 21003 



And I hereby appoint 



TelefongesprSche brtte richten an: 
(Name und Tetefonnummer) 



Direct Telephone Calls to: (name and telephone 
number) 



Ext. 



Postanschrift Send Correspondence to: 

Baker &Botts. LLP. 
30 Rockefeller Plaza 101 12-0028 New York 
TelephoneTTOOl) 212-408-25 62 and Facsimile (001) 212-705-50 20 

or 

Customer No. 21003 



VoHer Name des einzigen oder ursprunglichen crtinders: 

Dr. HOLGER HUEBNER l^OZ 


Full name of sole or first Inventor: 

nr HOI f:!FR4dUPRWFR - 


Untersehrift des Erfinders Datum ~^ 


Inventor's signature Date 


Wohnsitz 

BALDHAM, DEUTSCHLAND 


Residence 

BALDHAM, GERMANY 


SlaatsangehSrigkeit 

DE 


Citizenship 

DE 


Postanschrift 

HAMSTERWEG 10 


Post Office Addess 

HAMSTERWEG 10 


85598 BALDHAM 


85598 BALDHAM 


Voiler Name des zweiten Miterfinders (falls zutrefFend): -.^^^ 

Dr. VAIDYANATHAN KRIPESH cQr<5c 


Full name of second joint inventor, If any: 

br. VAIDYANATHAN KRIPESH 


Untersehrift des Erfinders i Datum 


Second Inventor's signature Date 


IND-CHENNAI 600083. ASHOK NAGAR. 


Residence 

IND-aHFNim600083, ASHOK NAGAR, 


Staatsangehdrigkeit 

IN 


Citizenship 

IN .TTkly 


Postanschrift 

L-5/E SARVAMANGALA COLON 


Post Office Address 

L-5/E SARVAMANGALA COLON 


IND-CHENNAI 600083, ASHOK NAGAR 


IND-CHENNAI 600083, ASHOK NAGAR 



Falle von dritten und weiteren Miterfindem angeben). 



(Supply similar Information and signature for third and 
subsequent joint inventors). 
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